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ALCOHOLS AND PHENOLS

LEARNING OBJECTIVES

* Classification and Nomenclature of Alcohols
» . Primary, Secondary and Tertiary Alcohols and Their Interconversions
*  Method of Preparation of Alcohols
» Ethyls Alcohol or Ethanol .
* ' Distinction Between Primary, Secondary and Tettiary Alcohols
*  Lucas Reagent or Lucas Test
* Dehydratiori of Ethanol
.+ Expianation of Facts Regarding Alcohols

* Glycols
*  Glycerol
*  Phenols

* Interconversions of Phenal
»  Explanation of Facts Regarding Phenols
* Fries rearrangement
+  Claisen rearrangement
* Riemer-Tieman Reaction
*  Pieric Acid
* Summary
* Student Activity
« Test Yourself

* 1.1. CLASSIFICATION AND NOMENCLATURE OF ALCOHOLS

[} Classification of Alcohols

, Those alcohols which contain one hydroxyl group are calted monghydric alcohols. Alcohols
with two, three or more hydroxyl groups are called dihydric, trihydric and polyhydric alcohols,

respectively. For example,

R—OH R—CH—OH R—CH—OH
Monohydric alcohot l l ‘
R—CH—OH R'—CH—QOH
Dihydricaicohol
R”"-—~CH—OH
Trihydri¢ alcoho!

[} Nomenclature of Alcohols _
(i) Commonnaming system. This system is useful for naming simple alcohol. In this system,

alcohols (R—OH) are called alkyl alcohols. The alkyl group attached to the -—OH group is named |

and the word alcohol is added to it, e.g.,
CH;—OH  CH;CH,-CH CH,CH,CH,—OH

Methyl alcohol Ethyl aicohol n—Propyl alcohol

Alcohols and Phenols
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CH;

|
CH:!_(I:H_CHS CHB_CHCHZCHg CH3-—|C_-OH
[

OH OH CH,
[sopropyl alcchol Sec. butyl alcohel Test butyl alcohol

(ii) Carbinol naming system. Alcohols are considered as derivatives of methyl alcohol which
is known as carbinol. The alkyl groups attached to the carbon atom bearing the —OH group are
named in alphabetical order before the suffix carbinol and the whole name is written as on word,
e.g. ’

CH:0H CH,CH,—OH
Carbinol Methylcarbinol
ca . CH, CH,

' ! |
CH,—CH—0OH CH;CH,—CH—OH
Dimethylcarbinol Ethylmethylcarbino]
(iii) TUPAC naming system. In this system. the suffix —ol’ is added in place of suffix "¢’ in
the name of hydrocarbon. In general, alcohols are named as alkanols, alkenols, atkynols etc. e.g.,
CH;—OH CH,CH,—OH CH;—CH--C;
|

Methanol Ethanol
: ' OH
2-Ppropanol
CH2 —_—CH—-C HgOH CﬁHsCHzC H:OH
© 2-Propen-1-ol 2-Phenylethanal

* 1.2, PRIMARY, SECONDARY AND TERTIARY ALCOHOLS AND THEIR
INTERCONVERSIONS

"[I] Primary, Secondary and Tertiary Alcohols

(i) Primary alcohol : Primary alcohols contain —CH,OH group. They have the general
formula, R—CH,OH (where R is H atom or alkyl group), e.g.,
R—CH,0H H—CH,0H CH;—CH,0H
General formula Methyf aicohof Ethyl alcohol
They are also known as 1° alcohols, because —OH group is attached to primary carbon atom.
(it) Secondary alcohol: Secondary alcohols contain > CHOH group. They have the general

R
formula SCHOH, eg.:
R
CH3 CHS
>CHOH Scron
CH, CHs” )
tsopropyl alcohol Secondary butyl alcohol

They are also known as 2° alcohols, because —OH group is attached to secondary carbon
atom. ’ N )
{iii) Tertiary alcohol : Tertiary alcohols contain --7 C—OH group. They have the general
. R CH; ’
formula R —— C—OH, e.g., CH; —C—OH
t-Butyl alcohol /

[1i] Conversion of Primary Alcohol into Secondary Alcohol & then to Tertiary Alcohol

Alcoholic

PCl
CH;—CH,—CH,0H —= CH;—CH,—CH,—Cl ——

n-Propyl alcohol n-Propyl chloride
(Primary alcohol) :

CH3\ Aq. KOH L HI
) CHOH «——— CH;—CHI-CH; ¢«— CH;—CH=CH,
CH3/ Isopropy] iodide Propylene

[sopropyl alcohol
{Secondary alcohol)




CH; Alcohols and Phenols
\ CHOH

Oxidation | (O]

/OH

CH]\ o CH,Mg! CH3\ / OMgI H,0 CH3\ / OH )
\ I

C=0 ———— C —_— + Mg
cHy” cn, . NCH, CH3/ “\CH,

Acetonc t-Butyl alcohel
{Tertiary alcohot)

[W1] Conversion of Methyl Alcohol into Ethyl Alcchol .
Methyl alcohel can be converted into ethy! alcohol by any of the following methods.
H X

|
M —C=
(a) CHOH — 5 CHil —2 5 CH;Mgl —— ©
Menyl MO Memgt BT eyl
alcohol iodide magnesium
indide

H
/OH HO |
CH;CH,0H + Mg ¢—— H—C—OMgl
Ethylaleohol - 1
CH;
H

101 | CH;Mg!

(b) CHOH ————> H—C=0
Oxidation Formauldehyde
KzCl’EO?
Dil. H,SO,

H

H,O |
CH,CH,0H + Mg  H—C—OMgl
Ethylalcohol ~ 1 Hydrolysis ‘

CH;

2Na+[-—CH3 Cly
(¢) CH,0H ——) CH;l ———— CH;~CH,
Methyl -—H,C Ether —HCI

Methyl Ethane
alcohol jodide (Wurtz reaction)

OH

CH;—CH,—OH «23*% ey, cH,—Cl

Ethy! alcohol Ethyl chloride
[IV] Conversion of Ethyl Alcohol into Methyl Alcohol

CH,—CH,—0H —2L__, cH,cHO 2% CH,CO0H N":}; .
Ll

Ethyl alcohal KyCr0; + Acctaldehyde Acetic acid
Dil. H.S0O,

Aq. Br, NaOH +
CH;0H o CHaBr «—— CH, S CH;COONa
Methyl H Mathyl * Methane Sodium acerate

8 U alcohol bromide
1.3. METHODS OF PREPARATION OF ALCOHOLS

Alcohols are prepared by the following methods :
(i) Hydration of alkenes : Alkenes react with sulphuric acid to’ from alkyl hydrogen sulphates,
which on hydrolysis give alcohols. For example,

=
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0OSO-H H
- | +0—H k3
CH;—CH= CH,+ HOSO;H— CH;—CH-—CH; —— h
Propylene Isopropyl hydrogen sulphate A

OH '

|
H,;S804 + CH; — CH—CH;
tsoprophyi alcohol
The overall result of the above reaction appeas to be Markownikoff’s addition of H,0O
(hydration) to a double bond.
OH
o |
CH;—CH— CHZ +H-0OH ‘““—} CH3—CH—CH3
Propylene 1sopropyl alcchot
(2) Hydrolysis of alkyl halides : Alky! hahdes react with aqueous sodium hydroxnde to form
alcohols.
H,0
R—X+ NaOH——-) R—OH + NaX
Aleohol
H,0

CH,CH,—Br + NaOH ———> CH,CH,—OH + NaBr -
A Ethayl alcohol

(3) Hydrolysis of esters : Alcohols may be prepared by acid of basic cataysed hydrolysis of
estets.

o O
] H I
R—C~—|OR+H ——OH—~——> R—C—OH + R—OH
Ester - Acid Alcohol /

) ﬁidroborahon-oxldatmn of alkenes : Alkenes react with diborane, B,Hg to form
triatkylboranes. Diborane adds as borane, BH;. The positive part of BHj is the boron the negative
part is hydrogen. For example,

3 CHy—CH=CH, + BH; — (CH;CH,CH,); B. /
Propylene Tripropyl borane

!
Trialkylboranes are used to prepare primary alcohols by reaction with alkaline aqueous
solution of H,0,.

~-0OH ' .
" "(CH;CH,CH,); B + H,0, — 3CH,CH,CH,0H + H;BO;
n-Propy! aleohol
{1-propanol)
The overall result of the above reaction appears to be anti-Markownikoff addition of H,O to
a double bond.

(i) B,H,
CH3—_‘CH = CH2 _> CHﬂCHzcﬂon
Propylene (i) H,0/0H  n-Propyl alcchol

(5) Fermentation of carbohydrates : Some alcohols ‘can be prepared by fermentation of
starches and sugars under the effect of suitable enzymes. For example,

Fermentation
CeH 204 + Yeast ——— 2CH,CH,0H + 2CO, T
Glucose Ethyl alcohol

(6} Reduction of aldehydes and ketones : Aldehydes and ketones can be reduced with
H,/ Ni or lithium atuminium hydride (LtAlH,) to form the corresponding alcohols. Aldehydes give
primary alcohols. Ketones give secondary alcohols. .
O
I
R—C—H + H, -—~—> R—CH,—O0H
Aldehyde A 1* Aleohol
0] OH
I LiAMH, l,
R—C—R + 2[Hl —— R—CH—YFK’
Ketone 2" Alcohol

(7) Addition of Grignard reagent to-aldehydes and ketona; Grlgnard reagents react with
aldehydes or ketones to form the addition compound which on hydrolysis with dilute acnd_ gives the
corresponding alcohols.



/

T : OMgX oH

\(" & 5+ | Hzon.p I
=~C— + R-MgX —> [—C— [ —2—> —C— +MgX(OH)
\8+1-____-“/ I

F

Aldchy:\ie Grignard R . R
or ketone reagent Unstable Alcohol
(i) Primary alcohols are obtained by treating a Grignard reagent with HCHO or ethylene
“oxide. N
C o ' OMgX OH
l | H;O/H'" | -
H—C—H + RMgX —— |H—C—H | —— H—C—H + MgX (OH)
Formnaldehyde I |
R R
- . 1* Alcohol
_ H,0/H"
RMgX + CH,—CH, — {RCH,CH,0OMgX] ——— RCH,CH,0H + MgX (OH)

1° Aleohol

O
Ethylene oxide
+ (i) Secondary alcohols afeSbtained by treating a Grignard reagent with aldehydes other than
formaldehyde.

0 - OMgX OH
I | H,0/H’ |
CH;—C—H + RMgX —— [CH;—C—H | —— CH;—C—H + MgX (OH)
Acetaldehyde II
S - R R
. . 2" Alcohol
. (iii) Tertiary alcohols are obtained by treating a Grignard reagent with ketones.
i - OMgX OH
o f H,0H" |

R—C—R + R"MgX — [R—C—R’' | 5 R—C R’ + MzX (OH)
' I

R-ff Rff
3° Alcehol

\

*» 1.4, ETHYL ALCOHOL OR ETHANOL
[} Preparation of Ethanol

(i) From ethyl halide :
C,Hsl + KOH —— C,H OH +KI
Ethyl iodide A«
CzHSBl' + AgOH —_— C2H50H +AgBl'
Ethyl bromide Moisl‘glver
oxiae

(it) From ethyl acetate :
CH,COOC;Hs + NaOH —— CH,;COONa + C,HsOH

(iii) By the reduction of aldehyde, ketone, carboxylic acid, acid chlori;ié and ester with
LiAlIH,: -~ : :

LiAlH
CH,CHO +2H — —» CH,CH,0H
Acetaldehyde Ethy! alcohol

LiAlH,
CH;COCH; + 2H — CH,CHOHCH,
Acetone Ise propyl alcohoi

LiAIH,
CH;COOH +4H ———3 CH;CH,0H + H,0

[ * Acelic acid

LiAlH,
CH,;COCl +4H —— CH;CH,0H + HCI
Acetyl chloride )

LiAlH, I
CH;COOC,Hs + 4H — CH,CH,OH + C,HsOH

Ethyl acetate - - Ethyl alcoho!

Organic Chemistry il
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(iv) From Grignard reagent : e
H H oA ..
| | o
CHyMgl + H—C=0 — H—C—OMgl
Grignard Formaldehyde
reagent CH,
OH
CH;CH,OH + Mg<
Ethy] alcohol 1
{v) From ether :
Dil, H,50,
Colls—O0—CoHs + HzO ———— 2C,H;0H

Diethyl ether
{vi) From ethy] amine :
CHNH,; + HNO, — C,H;OH +H,0+ N,
Ethy! amine . Ethyl aleahel .
[11] Manufacture of Ethanol
(A) From molasses :
Molasses contains about 50% cane sugar, glucose and fructose Molasses is converted to ethyl
alcohol by means of yeast. Ethyl aicohol is produced in the following steps.
(i) Preparation of wash : Molasses

Molasses is diluted with water soasto | |q4—Watar

get a 8-10% solution of sugar. A small 8-10%

Wash
amount of dilute sulphuric acid is added D;t‘;'?" = ] . IT —
to check the growth of undesirable I c0,
bacteria. To this solution, a small {NH,),50, + HpS0,
quantity of ammonium sulphate and —
ammonium phosphate is added which
act as a food for ferment (yeast) cells.
Yeast is now added to it after
maintaining the temperature between
25°-30°C. Invertase and zymase —

enzyme of yeast react with molasses Fig. 1. Manufacture of ethanol rom molasses.
sugar and so ethyl alcohol is produced. . : :

Fermentation
tank

30°C

Invertase
C12Hx 0y + HyO _—'Hyem CeH20s + CeH,,0¢

Sucrose lGIuco:.e Fructose j

Invert sugar
Lyma%c

€:H;;0¢ o

Invert sugar

This process is completed in 2-3 days when evolution of carbon dioxide ceases and yeast is
filtered off. The filterate is known as wash which contains about 10% ethanol.

(ii) Distillation of wash : The wash is subjected to fractional distitlation using special
fractionating columns called coffey stills. Each coffey still consists of two fractionating columns
calied as analyser and rectifier which are provided with perforated horizontal plates having valves
opening upwards.

The wash is pumped into coiled pipes where it is preheated and enters analyser from the top
end. A current of steam is passed from bottom end which comes in contact with down coming wash.
It vaporises the alcohol present in wash and takes away the alcohol vapours with itself and leaves
from the top end. It then enters in rectifier near the base. Here condensation takes place, first alcohol
condenses due to low b.p. (78-3°C) than water condenses. The uncondensed alcohol vapours leave
the rectifier at its top end and are condensed with the help of a condenser. Alcohol thus obtained is
90% pure.

(iii) Rectification : The 90% ethanal, as obtained above is subjected to fractional distillation
when the following fractions are obained. '

(a) First fraction : 'This fraction contains low boiling liquids like acetaldehyde.

(b) Second fraction : This fraction contains 93-95% ethanol and is called as rectified spirit.

2C0; +2C,H,0H



{c) Last fraction : This fraction contains water and fusel oil. Fusel oil is a mixture of n-propyl,
n-butyl, n-amyl, isoamyl and optically active amy! alcohols.

(B) From starch '

Following steps are involved in the manufacture of ethanol from starch : (a) Saccharification
(b) Alcoholic fermentation. ’

(1) Saccharification : Starch is first converted to maltose. This conversion is known as
saccharification and completed in following steps.

{a) Malting : Moist barley seeds are allowed to germinate in dark room at 15°C, temperature
is raised to 60° after complete germination. Germinated seeds are known as malt and contain diastase
enzyme. The seeds are now crushed with water and filtered. The filterate is called malt extract.

(b) Mashing : Starchy materials like potato, rice or maize are crushed and heated with super
heated steam. Starch granules come out of the cell wall and form a paste with water. This is known
as mash. .

(¢) Hydrolysis: Mash is heated to 50-60°C and mal: extract added to it. Diastase enzyme
(malt) hydrolyses starch (mash) into maltose sugar. This process is completed in nearly half an hour,
50-60°, Diastase

(Malt exiract)

2(CgH,;005), + nHO nCyoHp0y,
Starch (mash) Maltose
(2) Alcoholic fermentation : The above solution of maltose is cooled to 30°C and yeast is
added to it. Alcoholic fermentation sets in and enzyme present in yeast converts maltose inethy]
alcohol.

Maltase, 30°C
C1oHyOy + Hy0 —— 2CH;206
Maltose (Yeast) Glucose
Zymase
CeH,;,04 Py 2C0, + 2C,H;0H

The concentration of alcohol in this solution called wash is about 10%. From this rectifed
spirit is obtained by the same method as discussed earlier.
[} Chemical Properties of Ethyl Alcohol

The properties of ethyl alcohol are summarised as follows :

— > C,HONa + H,

Sodium ethoxide
CH;C0CL
*"LcT_' C,H,00C.CH;
H Ethyl acetate
€H,COON
o (: C,H,00C.CH,
(CHCO) Ethy! ecetate
HCVZnCly
-H,0 CZHSCEI
PCls
I-POCI3, HC GGl
S0Cly
o CaHCl
NH, CoHsOH C,H;0H
(ZaC/200°C 7200°C C;HNH, o " (CHyNH H,0
{CHs)N
ALO, .
C,H;0H —» " C;Hs—0—C;H;
Ethyl 250°C Ether
alcohol AlLO;

350°C CH1=CH1 + H;O

H,S0, {
———— e

Excess of C;H;0H at 140°C — C;Hs—OC,H
Excess of H,SO, at 170°C — CH;—CH,

C,HeMgBr

——— C;H,

Blcl'chins
—

i~ CHCL
Cl, + KOH
| Cl + KOH | CHCl,
(Chloroform)
I, +KOH '
. -._g+_._...-.p CI.H3
” (Todoform)
——%— CCLCH=0
o B o)
——» CH,CHO — CH,COOH
30‘3".0 » CH,CH=0 +H,

Organic Chemistry If
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[IV] Uses of Ethanol

Ethy! alcohol is used : , _
(i} As an alcoholic beverage. (i) As a solvent for paints, drugs, oils, dyes etc.

» 1.5. DEHYDRATION OF ETHANOL '

(a) Formation of alkenes : Alcohols, containing at least one B-hydrogen atom, uridergo
dehydration (elimination of water) when heated to 170°-180°C with concentrated su]phurlc acid or
when its vapours are passed over alumina heated to 350°C. : \

Conc. H,S0,/170°-180'C - !

|
BCHZ_CHZ_'OH > CHZI CI-I2 + Hgo
Ethy! alcohol or Al,05/350°C

The ease of formation of alkene is in the order of remary alcohol > secondary
alcohol > primary alcohol depending on the stability of corresponding carbonium ions formed, i.e.,
tertiary > secondary > primary, during the reaction. The mechamsm of the reaction is :

H OH H COHZ
[ —HSO, ] ~H,0
H— (1: CI:_H+HZSO4 —_— H—_(i:__(l:_
H H H H
Ethyl alcohol Protonated alcohol

' o T‘\,, +
H—C—C—H 4 y .c¥YC—H
[ s T

H H H H
Ethylene Carboniumion - TN

(b) Formation of ethers : If the dehydratmn of an alcohol with sulphuric acid is carried out
in presence of an excess of alcohol at comparatively lower temperatures {130°—140°C) or when
its vapours are passed over alumina heated to 250°C, the product is a dialkyl ether.

Conc. HySO,, 130™-140°C o .
2CH,;CH,OH : 5> CH;CH,.0.CH,CH; + H,0
AL, 250°C Diethyl cther

The mechanism of reaction is as follows :
. ~Hs0, (Y -HO +
CH;CH,0H + H,S0, ——* CH;CH,~~OH, — > CH;CH,

Protonated . Carbenium
alcohol - ion
i i
+
CH3C‘I-£?:::/O_CH2CH3 — CH3CH2——9—CH2CH3
+H5641+H2504
: CH4CH,0CH,CH, + H;S0,

Ether

| » 1.6. DISTINCTION BETWEEN PRIMARY, SECONDARY AND TERTIARY
" ALCOHOLS '

The three types of alcohols can be distinguished by the following tests :
[11 By Oxidation
The primary, secondary and tertiary alcohols may be distinguished through their oxidation

products.
(a) A primary alcohol on oxidation first gives an aldehyde and this on further oxidation, forms

a carboxylic acid. Both the aldehyde and the carboxylic acid contain the same number of carbon
atoms as the original alcohol, e.g.,

CH:CH,0H 25 CH,CHO -2 CH,COOH
Erhyl alechol Acetaldehyde Acelic acid
2-C) 2-C) (2-C)

(b) A secondary alcohol on oxidation first gives a ketone with same number of car bon atoms
as the original alcohol. Further oxidation of ketone forms a mixture of carboxylic acids, each

8 Self-Instructional Material

containing lesser number of carbon atoms than the original alcohol, e.g.,



CH, CH,
chon >co 19, CH,COOH + HCOOH
CH,

CH3/ Acetic acid Formic acid
Tsapropyl alcohol Acctone (2-0) {1-C} ]
3-C) (3-C} .

(€) A tertiary alcohol on oxidation first gives a ketone which on further oxidation forms al

mixture of carboxylic acids. All the oxidation products, i.e., ketone and acids contain lesser number
of carbon atoms individually than the original alcohol.

CH; CH
CH—con %5 Nco 4% cH,co0H + HCOOH
CH; cH” "Aceticacid  Formic acid
.-m-iiulyl aleohol Acetone 2-C (-0
_ @) 3-C)
The oxidising agents usually used are, dilure nitric acid, acidic or alkaline potassium
permanganate and acidic potassium dichromate. =

[li] By Passing'AIcohoI Vapours over Copper or Nickel Heated to 300°C

The three classes of alcohols differ in their behaviour when their vapours are passed over
heated copper or nickel.
(2) A primary alcohol undergoes dehydrogenation to form an aldehyde, e.g.,

CH;CH,0H -2, CH,CHO + H,

Ethyl aleohol Acetaldehyde )
(b) A secondary alcohol also undergoes desiydrogenation to form a ketone, e.g.,

CH, CH,
\CH oy Luorhi Cuor Ni

CH 3-00(: CH3/

CO+H,

[~oprup}l aleohol Acetong
[(c) A tertiary alcohol, on the other hand, undergoes dehydration to produce an olefin, e. 2
CH;

\c/ % \C_CH2+H20
cHy”  \CH, CH,””

ters-Butyl alcohol Lsobutylens

[IN] By Victor Meyer’s Method
Victor Meyer’s method is perhaps the best method of distinction since the final products

. formed, are coloured, The method includes a set of reactions. First an alcohol is converted into its
corresponding iodide by treating with phosphorus and iodine, which is then heated with silver nitrite.
The resulting nitroparafiin is treated with nitrous acid and alkali.

\ On the basis of the above treatment, a primary alcohol gives a red colour, a secondary alcohol
glves deep blue colour, while a tertiary alcohol gives colourless solution. The reactions may be
written as :

. P+l AgNO, HNO,
{i RCH,0H —— RCH;] —— RCH,CNO,
Primary alcohol Alkyl iodide Niroalkane 20
NOH
NaOH
RC/ ——— Red colour [due sodium salt of nitrolic acid]
NO,
Nitrolic acid
Pl AgNO, HNO,
(i) R,CHOH — > R,CHI —— R;CHNQ,
Secondary alcohol Alkyl iodide Nircalkane 120
NO NaOH
RCT 2% Deep blue colour
\\NO,
Pseudonitrol
B P+, AgNO, HNO, .
(i) R:COH » RyCL ~ RyCNQ, — No reaction
Tertiary alcohol Alkyl iodide Nitroalkane . I
l NaOH
Colourless.

Organic' Chemistry If
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¢ 1.7. LUCAS REAGENT OR LUCAS TEST

Lucas test is the simplest method for distinction ‘of alcohols. Lucas reagent i a mixture of
anhydrous zinc chloride and concentrated hydrochloric acid. When an alcohol is mixed with Lucas
reagent, an alkyl chloride is formed. Since alky[ chlorides are insoluble in water, a turbidity in
obtained. At room temperature, a fertiary alcohol gives the turbidity immediately, a secondary
alcohol gives the turbidity within § minutes, while a primary alcohol does not give any turbidity at
room temperature.

» 1.8. EXPLANATION OF FACTS REGARDING ALCOHOLS

(i) Alcohols have higher boiling points than isomeric ethers. Explain.

The high boiling point of aicohols is due to their ability to form H-bonds between their
molecules. The H-bond formation takes place between oxygen atom of one molecule and hydrogen
atom of another molecule as shown below :

H—O---H—0---H-0---

! I l

R R R

A considerabte amount of energy is required for breaking these H-bonds. Hence, boiling points
of alcohols are higher than ethers. The H-bonding is not found in ethers, hence their boiling points
are low. '

(ii) Hydrogen bonding occurs in the molecules of H,0, CHyOH and C,H;0H, then why
H,0 having so less molecular weight have so high boiling point?

Hydrogen bonding occurs in the molecules of H,O, CH;0H and C,HsOH, but in the case of
H,0 both H-atoms can form H-bonds, whereas in the case of aicohofs, there is only one H-atom
which can form H-bonds. Thus, H-bonding in water is more significant than in afcohols. Hence, a
greater amount of energy is required for breaking these H-bond. As a result of this, water has much
higher boiling point than alcohols,

(i) Alcohols are soluble in water, whereas ethers are insoluble in water, Why ?

Alcohols which form the H-bonds in their molecules, can also form H-bonds with water
molecules. Hence, a sort of co-association occurs between alcohol and water molecules through
H-bonding.

H—0---H—0---H—0---H—-0---
I l l I
R H R H
This co-association of alcohol and water molecules through H-bonding js responsible for the
solubility of alcohols in water. Ethers are insoluble in water because they cannot form H-bonds.
(iv) The boiling point of an alcohol is higher than that of corresponding alkane. Why ?
Alkanes are non-polar compounds with only weak intermolecular attractions. So, they have
a low boiling point. Alcohols have strong attraction between molecules owing to their capacity of
hydrogen bonding and so they have a comparatively higher boilding points than alkanes.

H CH, CH;
I ! !
0O---H—-0
H-—?—H O---H - '
u  ---H \CH,
Methane
(No H—bonding) Methyi aicohol H bonding

(v) Explain the acidity of alcohols.

Alcohol have —OH group and because of the presence of lone pair of electrons on the oxygen
of the —OH group, alcohols behave as bases. However, they also behave as weak acids. The acidity
of alcohols can be explained on the basis of the fact that hydrogen atom is attached to electronegative
oxygen atom, which contain a pair of electrons of the O—H bond. So, there is a tendency of the
loss of hydrogen as proton. In other words the acidic nature of alcohols is due to the ability of
oxygen to accommodate the negative charge after the [oss of proton. Therefore, aicohots react with
strong electropositive metals (Na, K, etc.) with evolution of hydrogen to produce alkoxides.



* 1.9.GLYCOLS

Dihydric alcohols are known as glycols. These contain two hydroxyl groups attached to
different carbon atoms. For example,

CH,0H CH;—CH—CH,
CH,OH OH OH
Ethylene glycol Propylene glycol
{(Ethane 1, 2 diol) {Propare 1, 2 diol)

Glycols are classified as o, 3, y glycols depending upon the relative positions of two hydroxyl
groups. 1, 2 glycol is termed as ¢, 1, 3 glycol is termed as P, 1, 4 glycol is known as ¥ and so on.

CH;—CH,—CH—CH, CH;—CH—CH,—CH, CH,—CH,—CH,—CH,
|
OH OH OH OH OH ’ OH
Butane |, 2 diol Butane I, 3 diol Butane 1, 4 diol
(o-Glycol} (B-Glycol}

Common glycol is ethylene glycol.
[1] Preparation of Ethylene Glycol

(1) From ethylene dibromide (Laboratory method) :
When ethylene dibromide is heated with moist silver oxide or agueous solution of sodium
carbonate, ethylene gtycal is formed.
CH,Br CH,0H
| +N2,COy + 2H,0 —— | +2NaBr + CO,
CH,Br CH,0H
The yield is poor by this method because of side reaction giving vinyl bromide.
I CHQBI’ CHz
+Na,CO; — | +NaHCO; + NaBr

CH,Br CHBr
Vinyl brotmide

NaOH or KOH are not used for hydrolysts as they also give vinyl bromide. For better yields,
ethylene dibromide is first converted to ethylene diacetate. The diacetate on hydro]y51s with dilute
sodium tydroxide gives ethylene glycol.

CH,Br AgOOC.CH; CH,00CCH, NaOR CH,0H
|+ | - |
CH,Br AgOOCCH, —™ cH00CCH, ™™  cp,oH
Silver acetate Ethylens diacetate Ethylene glycol
(2 moles)
(2) From ethylene : By oxidation of ethylene with cold dil. KMnQ, solution.

CH, Cod CH,OH

I +@0+0) TV |

CH, “  CH,OH

Ethylene glycol

(3) From ethylene chlorohydrin :* By the hydrolysis of ethylene chlorohydrin with
NaliCO-.
CH,CH CH,0H
2 | +NaHCO, —> 2 | +NaCl + CO,
CH,CI CH,0H
(4) From ethylene oxide : By the hydrolysis of ethylene oxide with H,O at 200°C under
pressure or with dil. H,8Q4 at 60°C (Commercial method).
' JCH2 o (‘JHZOH
O+ Hzo —_—
cn,” ¢ CH,0H
[f] Physical Properties of Ethylene Glycol

Glycol is a colourless viscous liquid, B.P. 197°C. It has a sweet taste. It is miscible with water
and ethanol in all proportions but is insoluble in ether.

Organic Chemistry ff
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[IN] Chemical Properties oi Ethylene Glycol

- Glycol contains two primary -alcoholic groups Its chemical reactions are, therefore those of .
primary alcohols twice over.

(1) Action of sodium : Mono and disedium glycollate are formed and hydrogen gas is
evolved.

CH,OH .  CH,ONa ., CH,ONa
Na, 50° - Na, 160°C

CH,OH -3#, CHOH - H, CH,ONa

Meno sodium Disodium

glycollate glycollate

(2) Action of acids : * Esters are formed.
(a) With HCI : Ethylene chiorohydrin and ethylene chloride are formed.

CH,OH e CH,Cl }'{a CH,CI
tHO o | e | #HO
CH,0H Y CH,OH CH,CI
. Ethylene Ethylene
i chlorchydrin chloride .
(b) With CH,COOH : Mono and diacetate are formed. -
: (|3H20H CH,CO0H CHZOOC.CHg CH,COOH CH,00CCH;
CH,0H. 0«0 chon B0 HO  CH,00CCH;
Glycol monoacetate Glyeol dinc&wtz

1c) With conc. HNO; :  Ethylene dinitrate is formed,
CHZOH HONO; . ., CH,—0—NO; .
1« 2 +2H0
CHZOH HONO, CH,—0—-NO, '
’ Nitricacid =~ ~ Ethylene dinitrate
{2 moles)

(3) Action of PCls and SOCl; : Ethylene chloride is formed.
CH,0H : CH,C!
| " +2pCls— | +2POCIy +2HCI
CH,OH CH,CI

CH,0H | CH,C!
| . +280Cl, — l +280, T + 2HCI
CH,CI

CH,OH'  Tiony) 2
chloride Ethylenc chloride

With PBr3. giycol gives ethylene bromide, but with Pls, ethylene di-iodide is formed which
is unstable and is converted to ethyiene and iodine.

CHOH CH,I CH,
| — | — I +y
CH,0H CH,I CH, _
Ethylene di-iodide . ) . y
(Unstable} '

~ (4) Acetylation : With acetyl chloride or acetic anhydride. glycol produces glycol mono
and diacetates. -~

(|2H20H cncoa  CHOOCTH; o, e (|3H200C.CH3
—_—
CH,0H 7@ CHOH —HO " CH,00C.CH,
Glycol monoacetate Glycol diacetate
(5) Oxidation : ' CH,OH

(a) The oxidation of ethylene COOH
glycol with HNO; yields a number of / Giyoolic \

substances as one or both the primary CH0H

—QOH groups may be oxidised first to | S [
aldehydes and then to carboxylic groups. CH,0H g;::f EIOOHI | Cﬁ?
The final product is oxalic acid. . widehyde acid acid
() Oxidation with acidic
. P 03 CH=0 ]

KMnQ,: Formic acid is formed. 1

T CH=0

Glyoxal



) (0]
CH,O0H KMnO,
| | +[0] —— 2H——C—OH +H,0
CH;OH Ty FDrl'mc acid
(c) Oxidation with periodic acid or lead tetra-acetate : Formaldehyde is formed.
O
CH,0H -

(8] Pb (CH.COOQ ll
| e , 2H-C—H+H0

CHZOH [(.)J Formaidehyde
(6) Dehydration : '
- (2) When heated with anhydrous ZnCl, or P,O;, glycol gives acetaldehyde.
CHIOH Anh. ZnCl, ar . “ ' :
5 CH;—C—H + H,0
CH,0H "¢ Acetaldehyde

{b) When heated atone at 500°C, glycot gives ethylene oxide.
CHQ_OH . I-I CHZ . ' '
f 2L TN o040
CH,0H cH,”
- Ethylene oxide
(¢} With cone. H,SO4:  Glycol gives dioxane,

H 0—CH—~CH— OH] (0 vico s /CHQ——CHZ\
T+ O \ / O+ 2H,0
HO| —CH;,—CH,—( H ? CH,—CHy”
(Ethylene glycol) ) Dioxane
(2 moles) (Cyclic diether)
(d) With HPQ, : Glycol gives diethylene glycol.
HO-—CH,—CH, o
AN HO—CH,—CH,
O H ' :
ﬁ J:OJ—) ) >0 + Hzo
J/ HO—CH,—CH, :
HO—'*CH2—-CH2 ) . Diethylene glycol
Ethylene glycol
(2 moles)
. (7} Reaction with carbonyl compounds : Glycols forms cyclic compounds.
(J:HZOH +0==c s (IZHz_O >cl o
Ny - AN T
CH,O0H CH,—O
Acelaldchyde Cyclic acetal
(!?HZOH _CHy . CHrO o CH;,
+0=C . - . / ~ +H0
CH,OH CH; CH—07 CH;
Acetong Cychc ketal

ftv] Uses of Ethylene Glycol

Glycol is used :

(i) As a preservative.

{(ii) Nitroglycol is used as an explosive.

(iii} As a lubricant,

(iv) As a solvent in spirit wicks.
[V] Constitution of Ethylene Glycol

(1) The molecular formula of ethylene glycol is C;HgO.

{2) Presence of two hydroxyl groups : The reaction of glycol with Na, CH;COC] and
PCl;, indicates the presence of two hydroxyl groups in it,

' " CHy(CH), + 2Na — C,HO»Na, + H,

CoHy(OHY, + 2PCls ~—> C,H,Cly + 2POCH; + 2ZHCIL
C;H,(OH), + 2CH;COCl —— C,H(OCOCHs,), + 2HCI

Organic Chemistry If
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Since ethylene glyco] is a stable compound, the two —OH groups must be attached to ditferent
carbon atoms as shown below : /
o
— C——C—
OH OH
(3) Keeping in view the tetravalency of carbon, monovalency of hydrogen and bivalency of
oxygen, glycol may be written as ;

1|{ H
1
H—(lfm—?-—}]
OH OH

(4) Confirmation :
(i) On oxidation, glycol first gives glycollic aldehyde and then-glyoxal which confirms the
presence of two primary alcoholic groups.

CH,OH CH,OH CHO

I [0 l [0
CH,OH - C(CH=0 CHO
Glycellic aldchyde Glyoxal

(ii} Ethylene chlaride on hydrolysis with moist silver oxide gives glyco) which on treatment
with PCls gives back ethylene chloride,
1CH2CI AgOH

CH,Cl < PCi  CH;0H

CH,0H

't down.

* 1.10. GLYCEROL

11 Manufacture of Glycerol

Glycerol is manufactured by the following methods.

(a) From oils and fats, (b) By fermentation of sugars.

(1) From Oils and Fats : Oils and fats are the triesters of glycerol with higher fatty acids
like stearic acid (C,7H;sCOCH), palmitic acid (CsH3COOH) and oleic acid (C;H;;COOH). On
hydrolysis, they give glycerol and fatty acids. These fatty acids find use in industry for the
manufacture of candles or soaps in the form of sodium or potassmm saits, The oils and fats are
hydrolysed either :

(a) by alkai in soap industry.

or  {b) by superheated steam in candle industry,
In both these industries, glycerol is obtained as a by-product.
(a) Glycerol from spent lye of soap industry : In soap industry, oils and fats are hydrolysed
with caustic atkali soiution (lye) when glycerol and sodium salts of fatty acids (soaps) are formed.
CH,00CC;H;s CH,0H

CHOQCC,;;H;5 + 3NaOH — CHOH + 3C,;H,sCOONa
l l Sodium stearate
CH,00CC;Has CH,0H
Glyceryl tristearate Glycerol

{Oils and fats)

The soap is salted out (or precipitated) by adding sodium chloride to the reaction product.
The filterate obtained after filtering out the soap is known as spent Iye. Spent lye contains 3-3%
glycerol, unspent alkali, fatty acids, proteinous matter and ¢olouring matter. Glycerol is recovered
from it as given below : :

(i) The spent lye is allowed to settle in a tank where most of the suspended impurities settle

(ii) The clear liquid is decanted to anothér tank, known as freating tank fitted with steam
coils, It is treated with dilute HCI to neutralise about three-fourth of the free alkali present in the
lye. It is now treated with alum or basic ferric sulphate which neutralises the remaining alkali and



also converts the traces of sodium soaps as well as the free acids still present into insoluble iron
soaps. A gelatinous precipitate of Fe(OH), and insoluble iron soaps are formed.
6NaOH + Fe,(SOy); — 2Fe(OH); L + 3Na,S0,
6C,7H3sCOONa + Fey(§04)3 — 2(Cy7H35C00)Fe L + 3NaZSO4
[ron soap

(iii) The liquid along with the precipitate is filtered through filter press under pressure. The
clear liquid so obtained is then concentrated under vacuum, when most of NaCl separates out. At
this stage, a coloured solution is obtained which contains 80% glycerol (crude glycerol).,

(iv) The crude glycerol so obtained is now decolourised by beiling with animal charcoal.
After filteration it is subjected to vacuum distillation by heating with superheaied steam.

(v) The distillate containing water is then concentrated in vacuum pans until the specific
gravity of glycerol becomes 1.29, It is 99.9% pure,

(b) Glycerol from the sweet water of candle industry : Candles are prepared from a mixture
of wax and stearic acid. The stearic acid needed for this purpose is obtained by the hydrolysis of
fats and oils with superheated steam using dilute H,SOy, as a catalyst. These fatty acids are usually
solids which are removed by filteration.

CH,00C.Cy;His (|:H30H
+
H
CHOOC.C|7H35 +3H,0 —— CHOH + 3C|?H35COOH
I | Stearic acid
CH,00C.Cy7Has CH,OH
Glycerol

The filterate is known as sweet water. It contains glycerol, water and free fatty acids. It is
neutralised with calculated amount of Na,CO; and then subjected to steam distillation. Volatile fatty
acids form non-volatile sodium salt which is left behind as residue. The distillate is a dilute solution
of glycerol. It is first concentrated by evaporation of water under vacuum and then distilled and
- redistilled to obtain pure glycerol.

(2) By fermentation of sugars : During alcoholic fermentation of sugars about 3% glycerol
is formed. Neuberg, a German chemist, observed that if the fermentation of sugars is carried out in
presence of Na,SQ;, the yield of glycerol can be increased upto 25%. The fermented liquid is then
subjected to fractional distillation to obtain glycerol.

Yeast Nﬂn503
CiH20y) —» 2CH (205 ——— C3Hg03 + CH;CHO + CO, + H,O
MO Glacoseand  YB Giycerol
fructose

[4) Glycerol From Synthetic Method
Glycerol can be prepared from propylene as follows :

CH, CH, CH, CH,OH CH,OH

I I Cl, “ Na,CO4 “ HOC! 1 NaOH l

CH —>CH — > CH — CHCI —— CHOH

’ J00°C J 150°C, 12 atm. ’ I _NaCl ‘

CH; CH,ClI CH,0OH CH,0H CH,0H

Propylene  Allyl chloride Allyl alcohol Glycerol-3- Glyceral
: chlorchydrin

[IN] Physical Properties

Pure glycerol is a colourless, adourless, syrupy liquid, heavier than water. It is soluble in
water or aicohol in ali proportions, but insolubie in ether or chioroform. It is very hygroscopic. Iis
boiling point is 290°C.
[IV] Chemical Properties

Glycerol contains two primary and one secondary alcoholic groups. Hence, it shows the
properties of both primary and secondary alcohols.

CH,OH CH,OH

N

CHOH  Frimey CHOH «— Secondary
coholic group l a]cohol:c group

CHEOH/ CH,OH

Organic Chemistry I
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(1) With sodium : Glycerolates are formed.
CH,0H CH,0.Na CH;ONa

N N
CHOH —— > CHOH ——— CHOH
| Room temp. ‘ High temp. |
CH,0H CH,0H CH,0ONa
Monosodivm Disodium
' glycerolate glycerolate
{2) Reaction with acids :
(t) With HCI : At 110°C, a mixture of two mono derivatives is formed.
CH,0H N CH,C! CH,0H
| oc | |
CHOH + HCl ——— (}ZHOH + CHCI
CH,0H CH,0H CH,0H

Glycerol Glycerol
o~chlorchydrin ~ B-chlorohydrin

On further reaction at 110°C in presence of CH;COOH, glycerol produces a mixture of two
di-substituted derivatives. . :
CH,C! CH,0H CH,Cl CH,C1
l i HCI (excess)
CHOH or CHC!{ —————— CHOH + CHCI
| | 110°C, CH,COOH ‘
CH,OH CH,OH CH,Ct  CH,0H
- e o, o Glycerol ¢, f§ Glycerol
dichiorohydrio  dichforokydrin

(it} With HI : When glycerol is treated with small amount of HI, ally! iodide is formed.
CH,0H CH,l CH,

l e |
CHOH -— CHI — CH

| =

CH,OH CH,I CH,I
. Glyceryl wriodide  Allyl iodide
(Unstable)

When HI is present in excess, ailyl iodide first produced as above i is reduced to propene In
presence of excess of HI, propene adds a molecule of HI to form 2~iodopropane (isopropyl 1ocllde}
Thrs addition occurs according to Markownikoff's rule.

CH, CH; CH; CH;
T m |
CH — fl-[[ _,}_) ((:“H — ([:HI
[ ~iz
CH,l CH,1 CH, CH,
Allyliodide 1,2,-Diiodo  Propene  Isepropyl jodide
propane
(Unsrﬂbn'c)
(iii) With HNOs : In presence of conc. HySOq, glycerol forms glycery] trinitrate {explosive).
CH,0OH CH, .O.NO,
| Conc. H,804 |
N
CH,OH - CH, .O.NQ,
Glyceryl trinitrate
(iv) With CH,COOH, (CHACO),0 or CH,COCI : Mono, di and triesters are formed
CH,0H CH,00C.CH; CH,00C.CH,
CH,CO0H | CHACOOH |
CHOH ——— CHOH —— CHOH
| H,0 ' —H,0 1
CH,0H CH,0H CH,00C.CH,
Glyceryl Glyceryl di-
tmongacetate ' acetate
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CH,00C.CH;

CHOOC.CH;

CH,00C.CH,
Glyceryl triacetate

(v) With oxalic acid : (a) At ] I0°C and with excess of oxalic acid, fonmtc acid is produced.

CH,0 [H+ HOJ] OC.COOH CH,00C[COO|H -
| i10°C - Heat, {10°C
CHOH ——— CHOH
~H,0 l —C0,
CH,OH CH,OH '
Glycerol Glyoem] mono oxalate )
nﬁ{‘ 50 G
CHZG)H CH,O0CH
I H,0
HCOOH + CHOH «—— |CHOH
Formic acid
CH,0H CH,0H
Glycerol Glycerol mono
formate
(b At 260°C, allyl alcohol is formed.
CH,OH HOOC CH,00C CH,
e || e |
CHOH + HOOC T0> CHQOC —2—-) CH
CH,OH CH,0H CH;0H
Glycerol Glycerol dioxalate Allyl alochol

(3) With PCl;s or PCl; : Glycerol forms glycery! trichloride.
CH,0H CH,CI
| |

CHOH + 3PCly — CHCI + 3POCI; + 3HCI

CH,OH CH,Cl
Glyceryl trichloride

(4) With P1, : G!ycerol forms unstable glyceryl tri-iodide which decomposes to give allyl
iodide.
CH,0H . CH,I CH,

(|:HOH +Pl— CHI — CH
r =l

.CH,OH CH,I CHyI
Glycerol Glyceryl Allyl icdide
tri-iodide

(5) Oxidation ; Glycero! contains two primary alcoholic and one secondary alcoholic groups :
and so on oxidation gives different products depending upon the nature of oxidising agents used. r
Theoretically, following products can be formed :
Oxidation with different reagents gives different products :

(i) Dil. HNO, gives glyceric acid and tartonic acid.

(ii) Conc. HNO; produces mainly glyceric acid.

(iii} Bismuth and sodium nitrate produce meso-oxalic acid.

{iv} Fenton’s reagent (H,0, + FeSO,) or NaOBr (sodium hypobromite) produces a mlxture
of glyceraldehyde and dihydroxy acetone, known as glycerose.

{v¥) Bromine water in presence of Na,COj gives glyceraldehyde and dihydroxy acetone.

(vi) Acidic KMnO, gives CO, and H,O.
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CH,0H CH=0 COCH COOH
| (0] | (O} | (0] |
CHOH — (‘3HOH — (|3HOH —— CHOH
’ .

H,OH CH,OH CH,OH - COOH

Glyceraldehyde Glyceric Tartonic
acid acid
CH,OH COOH

| I COOH
0 () &)
10] (0] (0] [0]

| | % CcooH
CH,OH COOH
Dihydroxy Meso-oxalic
acetone acid
(6) Dehydration : Glycerol when heated alone or in presence of dehydrating agents like conc.
H,80,, P,Os, KHSO,, or anhydrous ZnCl; produces acrolem or acraldehyde or acrylic aldehyde

which has an offensive odour.

—5 2C0, +H,0

Oxalic
acid

H
| CH,

H —CHOCH I .
| xuso, C Intramolecular "

od! —clH 4 " rearrangement

| 0 c__oH

H|—-—-C—OH | CHO
l H Acrolein or
H Unstable acraldehyde or

acrylic al¢chyde
(7) Condensation with aldehydes and ketones : Glycerol gives cyclic acetals or cyclic ketals.

H HO—CH; H O—CHZ
(a) > C=0+ | - g: \C/
CH3 HO—CH % C O—CH
Acetaldehyde | l
CH,0H CH,OH
Glycerol Cyclic acetal
(5-membered)
HO—CH,
CH | HCloas CH 0—CH
(b 3> c=0+ CHOH —g> ~ C< ™ CHoH
H | . g~ No—cH
OH—CH, Cyclic acetal {6-membered)
o CH:\C_0+H0—C|H2 HClgas CH ~ O—THZ
CHy” HO—CH 9 cHy” N 0-—CH
Acetane | |
CH,OH CH,0H
Glycerol Cyclic ketals
(8) Synthesis of citric acid : Citric acid is obtained from glycerol in the following steps:
CH;0OH CH,ClI CH,(CI CH2C]
] HCI | Dil. HNO, |
CHOH — <, CHOH —— =0 s c<
I Controlled | Oxidation I
conditions )
CH,0OH CH,Cl CH,Cl - CHECI
Glycerol Glycerol 1, 3 I, 3.Dichloro 1, 3-Dichloroacetone
dichlorohydrin acetone cyanohydrin
KCN
CH;COOH (|3H2CN
H,O/H" OH
c< T <
COOH Hydrolysis | CN
CHZCOOH CH,CN
Citric acid 1, 3-Dicyanoacetone
cyanohydrin



[IV] Uses
Glycerol is used :
(i) As a sweetening agent in confectionary, beverages and medicines.
{ii) As antifreeze in automobile radiators.
(iii) In the preparation of non-drying inks, printing inks and sthmp pad inks.
(iv) In the manufacture of proof cement.
(v} In the preparation of various compounds like formic acid, acrolein etc.

[V] Constitution )

(i) Molecular formula : From analytical data the molecular formula of glycerol has been
found to be CiHgOs.

{ii) Nature of oxygen : The reactions of glycerol with acetyl chloride, nitric acid, PCls etc.
indicate that all the three oxygen atoms are present in the form of hydroxyl groups, i.e., it contains
3 hydroxyl groups. ’

C3HgO3 + 3CH,COCI ——— C3H; (0.0C.CH3)4 + 3HCI
Glyceryl triacetate
Conc. -
H)S0,
C3HEO3 + 3H—N03 —_— C;Hs(ONOg)q + 3H30
Glyceryl trinitrate
C3HgO;3 + 3PCls ———  C3H:Cl; + 3POCI; + 3HCI

Gilyceryl trichlocide

Hence, glycerol may be written as CiHs(OH);.

(iii) Attachment of three —OH groups at three different carbon atoms : As glycerol is a
stable compound and moreover with acetyl chloride it gives mono, di and tri esters, it shows that
all the three hydroxyl groups are linked 10 three different carbon atoms.

Keeping in view the tetracovalent, divalent, and monovalent nature of carbon, oxygen and
hydrogen, respectively the following formula can be assigned to glycerol.

H H H

H—f—CP?—H
OH OH OH
{iv) Confirmation : {a) The above formula shows two primary and one secondary alcoholic
groups which on oxidation forms dihydroxy acetone (I) and tartonic acid {I).

CH,OH COOH

?O CHOH

CH,OH COOH
Dihydroxy acetone (1) Tartonic acid (It)

Structure (I) shows the presence of two primary alcoholic groups on the end carbon atoms
and structure (II) indicates the presence of one secondary alcoholic group on the central carbon
atom,

(b) With PClg, glycerol forms 1, 2, 3-trichloropropane which on hydrolysis with AgOH yields
1, 2. 3-trihydroxypropane, i.e., glycerol,

CH,OH CH,CI
| o, |
CHOH ——= CHC!
| AgOH
CH,CH CH,CI
1,2, 3~Trihydroxypropane 1, 2, 3-Trichloropropane

Thus, glycerol is 1, 2, 3-trihydroxy propane.
¢« 1.11. PHENOLS

[1] Introduction and Nomenctlature

Aromatic hydroxy compounds are obtained by the replacement of one or more hydrogen
atoms of benzene or its homologues by hydroxyl (—OH) groups. This —OH group may be present
in the nucleus or in side chain,

Organic Chemfsrr_v. i
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(I} —OH group in the nucleus : The compounds in which —OH group is directiy attachec
to the benzene nucleus are called as phenots. These phenols may be monohydric, dihydric or trihydric
depending upon the number of —OH groups present.

(a) Monohydric phenols : These contain one —OH group dlrectly attached to the benzene

nucleus. For example,
OH CH,
o, o

Phenol {carholic acid} o-Cresol (o-Methy] phenol)

{b) Dihydric phenals : These contain two —OH groups directly attached to the benzene

nucleus. For example,
OH OH OH
OH _
OH

Calechol Resorcinol Rydroquinone or Quinol
(o-Dibydroxy benzene) (m-Dibydroxy benzene) (p-Dibydroxy bc'nzenc)

(c) Triliydric phenofs : These contain three ——OH groups directly attached to the benzent

nucieus.
OH OH OH
@EOH i : OH
OH OH OH

Pyrogailol Phloroglucinol Hydroxy quincl
(1, 2, 3-trihydroxy benzene) {1, 3, $-trihydroxy benzene) (1, 2, 4-trihydroxy henzene)

(I1} —OH group in the side chain : The compounds containing —OH group in the 51ds
chain are known as aromatic alcohols. For example,
CH,OH

Benzyl alechal

[Ii] Acidity of Phenols

Acidic nature of phenols : The acidic nature of phenols is due to their tendency 10 giw
proton in solution. Their acidic nature can be explained on the basis of resonance. Phenol is :
resonance hybrid of the fol]owing forms :

O—H

5-8-&-6-4

Due to resonance, 0Xygen atom acquires positive charge and it attracts the electron pair o
O—H bond. Moreaver, in phenol the —OH group is attached to phenyl group which has negative
inductive effect. This phenyl group also at tracts the electron pair of —O—H bond with the resul
that the proton is removed easity and phenoxide ion attains stability due to resonance.

The resonance is not possible in alcohols. Hence, hydrogen atoms is firmiy attached to oxygen
As a result, alcohols arc almost neutral.

Phenols are less aciidic than carboxylic acids. This is because that all the resonating form
of phenoxide ion are not equivalent whereas both the resonating forms of carboxylate ion are
equivalent.

Resonating structures of phenoxide ion :



Resonating structures of carboxylate ion :
O . O
I I
R—C—0 - R—C——O
Hence. phenoxide ijon is less stable than carboxylate ion. As a result, phenol is less acidic
than carboxylic acid. .
[H1] General Methods for the Introduction of Hydroxyl Group Into Benzene Nucleus
(i) From aniline : Benzene diazonium chloride obtained by the diazotization of aniline, is
boiled with water when phenol is formed.

N;_C]
\JaN02 +HC
+ +
0_500 Bml HCI Nz
Amhne : Benzene diazonium Phenol
chloride

(ii) From benzene sulphonic acid : Sodium salt of the acid when fused with NaOH, gives
sodium phenoxide which on treatment with mineral acid gives phenol.

SO3Na ONa
Fuse
+ 2NaOH W + Na,80; + H,0
Sodium benzene Sodivm '
sulphonate phenoxide
ONa OH
+HCl —» @ +NaCl
Phenol

(iii) From Grignard’s reagent : The oxidation of phenyl magnesium bromide and
subsequent hydrolysis gives phenol.

MEgBr OMgBr
+ — 0 —_— + Mg
@ z @ @ \ Br
Phenyl oxy Phenol

magnesium bromide

[V] Manufacture of Phenol
(i) From middle oil fraction : The middle oil fraction contains compounds like phenols,
naphthalene and pyridine etc. This fraction is first of all cooled when naphthalene crystallizes out
first. The remalmng fraction is now treated-with NaOH whlch dissolves phenol and its homologues.
OH

- +NaQH -— @ +H,0

Phenol Sodium phenoxide

Now this solution is acidified with dil. H,SO4 which neutralizes the excess of NaOH and
phenol separates out as a brown oily liquid. This is washed with water and fractionally distilled.
The fraction distilling between 181—-183°C is collected. It may still contain the impurity of o-cresol.
Hence, it is cooled at 0°C, when phenol solidifies first.

ONa OH
+ Hy80y — @ + NaHSQ,

. - - Pheno!

(ii) Raschig process : This is the modem method for the preparation of phenol. In this
method, vapours of benzene, air and HCI gas is passed over CuCl, catalyst heated to 250°C. The
chlorobenzene so obtained.- is treated with steam at 425°C when phenol is obtained.
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4

Cl )
1 dic”t
@ THC 470, e + B0
Air
Benzene Chtorobenzene
Cl OH
Si0; : t
+
HO o~ +HC!
Phenol

(iiiy Dow’s process : Chlorobenzene when treated with 10% caustic soda solution at
300-350°C and under high pressure in the presence of copper salt (catalyst), gives sodium phenoxide
which on treatment with mineral acid gives phenol.

Cl ' ONa
+2NaOH %- +NaCl + H,0
1

Chloro benzene presshre Sodium
phenoxide

ONa OH

+HCl — @ + NaCl
Sodium _ Phenol
phenoxide

In the above reaction, some diphenyl ether is also formed, the formation of which can be
checked by adding 10% diphenyl ether to the reaction mixture.
CsHs0[Na_+ Cl) CgHs —> C4Hs—O-—CyH; + NaCl
Sodium phenoxide ° Chloro~ Diphenyl ether
benzene

(iv) From cumene : This is the most important commerical method for the preparation of
phenol and is known as cumene-phenol process. In this method, cumene {isopropyl benzene) is
oxidised to the hydroperoxide, which is then decomposed by acid into acetone and phenol.

CeHs C6H5
[8)
CﬁHsCH(CHg}Z - 2 {CH3)2C—0-—OH :{nig {CH3]2Cﬂ_‘OH2
Cumene OH, 130°C l 5.0
2

C_;OH C5H5
i)

(CHy)y—C—9CeHs PLLLL (CH3)2—0-0-—C3H5 «— (CHy)C—0

l (ii) -—H

2 I
(CHy)y—C—OH + CsHsO —— (CgH5OH + CHy—C—CH;
[1] Resemblance in Properties of Phenol with Alcohols

(i) Action with sodium : Sodium phenoxide is formed.
OH ONa

2 +2Na —» 2 +H,
Sodium phenoxide
(i) Action with PCl; : Chlorobenzene is formed.
OH ' Cl

+ PCIS —— + POC13 + HCI

POCI;, sc formed reacts with excess of phenol to form tr:phenyl phosphate as the main product
3C5H50H + POC]3 E— (C6H5)3PO4 + 3HCI
Triphenyl phasphate



(iii) Action with NH; : Aniline is formed.
OH ‘ NH,

Anh)r. Zﬂclz
————-

+ NH, 300°C

+H,0
Aniline
(iv) Acetylation: Phenol reacts with acetyl chloride to form phenyl acetate which on heating
in presence of anhydrous AICI; gives a mixture of o-and p-hydroxy ketones. (Fries reaction)

OH QCOCH,
+CH,COCl ——» @ + HCI
Phenol Phetwy! acetate
OCOCH;
COCH;
An.hy AICly
‘Fnes reaction
o- and p-Hydroxy

acetophenone COCH;
(o~ and p-Acetyl phenol)

At 165°C, o-isomer and at 25°C, p-tsomer is obtained as the main product.

OCOCH3 CH
COCH,
25°C 165°C
"~ Anly, AICl Azhy AICl;
COCH, .
p-Acetyl phenol Phenyl a-Acetyl phenol
(p-Hydroxy acetophenone) acetate (o-Hydraxy acetophenone)

(v) Benzoylation : Phenot reacts with benzoyl chloride in presence of NaOH to form phenyl
benzoate. (Schotten-Batmann reaction)

OH 0COCH;

+CHcoC MM, +HCI

Phenel Phenyl benzoate

{vi) Action with alkyl halide : Sodium salt of phenol reacts with methyl iodide to form
anisole (phenyl methyl ether or methoxy benzene)

ONa OCH,4
+ CH,l —_— @
Sodium phenoxide - Phenyl methyl ether
{Mcthoxy benzenc)

IVI) Difference in Properties of Phenol from Alcohols
(i) Action with NaOH : Sodium phenoxide is formed.

CH ONa
+NaOH —» @ + H,0
Phenol Sedium phenoxide

(ii) Action with zinc dust : Benzene is formed.

OH
+2Zn — @ +Zn0

{(iii) Action with FeCl3 solution : Phenol reacts with 1% FeCl; solution to give violet
solution.

Organic Chemistry if
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Organic Chemistry I 6CeHOH + FeCly; —— (CeHs0)gFe]*™ + 3H" + 3HCI
Hexa phenoxy iron {(I[)
ion (violet solution)

(iv) Halogenation : Phenot can be readily halogenated due to the strong o-and p-disective
influence of —OH group. With Br, water, it gives a white precipitate of 2, 4, 6 tribromo phenol
OH

CH .
Br Br

+3Br, — + 3HBr

Br
2,4, G-Tri\_amma phienol
(White ppt.) ‘

At low temperature and in presence of CS;, or CHCl3, phenol on controlled halogenation gives

OH OH
Br
C8, or CHCly
B e @ v @
Br

L

mono halogen derivatives.

Phenol

o- & p-Bromo phenol

(v) Sulphonation : Phenol can be readily sulphonated. On treatment with conc, H,SO, at
room temperature, o-hydroxy benzene sulphonic acid and at 100°C, p-hydroxy benzene sulphonic

acid is obfained as the main product.

OH
SOH - : o
Cone. HZSO4 Conc. H2504 )
Ordmw . .
temperature -

Phenol
SO,H
. o-Hydroxy benzene

p-Hydroxy benzene
sulphonic acid sulphonic acid

(vi) Nitration: On nitration with dil. HNO;, o-and p~nitrophenol is obtained but on nitration
with a mixture of conc. HNO; and conc. HySOq, picric acid (s obtained in small amounts.

OH
@ + Conc, HNO, :":é @, @

Phenol
0- & p—‘Nﬂmphenol
J Nitration
OH
O,N NO, NO,

Nttmiun L(\

NO, . NGO,
2, 4, 6-Trinitrophenol 2, 4-Drnitrophenof

(Picric acid)

. (vii) Friedel Crafts reaction : Phenol reacts with CH;Cl in presence of anhydrous AICl,

to form p-cresal (main product) and o-cresol (less quantsty)

OH OH -
- CH,
+CHC 2 + 1O

Phenol

p-Cresol o0-Creso}
(Main product)  (Less quantity)
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(viii) Hydrogenation : On hydrogenation in presence of nickel catalyst, phenol gives
cyclohexanol.

?H

OH - CH
AN
w, WO

3z jeeec H,C CH,

Phenol
CH,
Cyclohexancl
(ix) Kolbe-Schmid¢ reaction : Sodium sait of phenol reacts with CO, at 140°C and 8
atmospheric pressure to form sodium salicylate, which gives salicylic acid on treatment with dil.
acid.

ONa OCOONa ol
h] tecul COONa
tramo! ar
+CO 2 _...]_fﬂ_.’
8 stmospheric rea.rra.ngement
pressure
Sodinm Sodium Sodium
phenoxide phenyl carbonate salicylate
lDil. H,50,
OH
COOH
Salicylic acid

(x) Reimer-Tiemann reaction : Phenol reacts with CHCly and NaOH at 60°C to form
. salicylaldehyde as the main product. p-Hydroxy benzaldehyde is obtained in small amounts.

OH
+CHC, + 3NaOH 6°°C
. Phenol
CHO
o-Hydroxy benzaldehyde  p-Hydroxy benzaldehyds
{Salicylaldehyde) {Small quantity}

The. use of CCl, in place of CHCI; gives salicylic acid as the main product.

OH OH
COOH
+CCly+4NaQOH ——» +4NaCl + ZH,0
Phenol Salicylic acid

(xi) Coupling reaction: Phenol couples with benzene diazonium chloride at 0°C in presence
of NaOH to form an azo dye.

©rr-mm Qo
-HCl1

Benzene diazonium Phenol

chioride
@D

p-Hydroxy azobenzene

(xii) Phthalein reaction : Phenol on heating with phthalic anhydride in presence of conc.
H,80, or anhydrous ZrCl, gives phenalphthalein which gives pink colour in alkaline solution.

Organic Chemistry If
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I i
C . . C
N ™~ ¢
A e °
. C C
Phthahic achydride || Cote. H,80,, 100°C
H (o] H ~H,
O © G b
OH Phenolphthalein

OH
Phepol {2 moles)

{(xiii) Condensation reactions : Phenof reacts with aliphatic and aromatic aldehydes under
different conditions to form different products. At low temperatures, it reacts with formalin (40%
HCHO) in presence of dilute acid or alkali to form p-hydroxy benzyl alcohol {main product) and
o-hydroxy benzyl alcohol (less quantity).

OH OH OH
il acid CH,OH
L. ACl
*+HCHO or alkali + ©

o-Hydroxy
CH,0H benzyl aleohol

p-Hydroxy
benzyl alcohol

At high temperatures, phenol reacts with excess of HCHO in the presence of NHj; to form

bakelite.
oH
OH OH Iil i
+HCHO — @CH’ =~

-H;0
Phenol OH Ol
OH

CH. ’ Hj
BCHO @/ 2\@/(:[{2 O : HCHO
etk ) P b r ey S
-H,;0
OH OH
..... @cm CH,O0H
n

Bakelite

Phenol reacts with benzaldehyde in presence of conc. H;SO, or anhydrous ZnCl, to form
p—p’ dihydroxy triphenyl methane dye.

H
Cone. K380,
100°C
Benzaldehyde -H,0

i

@0«
OH

p-p' Dihydroxy
triphenyl methane



(xiv) Liebermann’s nitroso reaction : Phenol on treatent with NaNQ; and conc.
H,S0, first of all gives brown or red coloured substance which soon changes to bluish green. It
becomes red on dilution with water and deep blue on treatment with NaQOH. In this reaction first
of all, a part of phenol reacts with HNO; (NaNO, + conc. H,SO,) to form p-nitroso phenol which
is a tautomeric oxime of quinone.

OH
(NaNOQ; + Hy80,)
(Nm'o\:s acid)
HONO
-Hy0O

Phenol - Nltrosophcnol Qumanc mono oxime

This mono oxime condenses with the remaining phenol in presence of conc. H,SO;4 to form
bluish green solution of indophenol monosulphate which becomes red on dilution with water. On
treatment with NaOH, sodium salt of indophena! is formed which has deep blue colour.

o — *  Conc. HyS0, T o
N H OH —_Hz—o—l
Quinongmonooxime +
Hy0 {HO@NGOH} HSO;
[ -H,50,

Indophenol monosulphate
{(Bluish green solution)

=C>= @_ NaOH

Indophenol {Red solution)

Ol
Sodium sait (Decp biue solution)

{xv) Oxidation : Phenol on oxidation gives differem products under different conditions.
(i) It is slowly oxidized by atmospheric exygen in presence of light to form pink solution,
OoH

Air and

t0; light

+H,0
0
p-Benzoquinone

In this reaction, p-benzoquinene is first of all formed which reacts with more of phenol to
form phencquinone.

Qe Do)
Phenol

Phenol p-Benzoguinonc
@romr-olDreaeo)
E'hem;imm

(i) On oxidation with KMnO,, mesotartaric-acid is formed.

OH
KMrO, CH(OH)COOH
—_— |
: 0] CH(OH)COOH
Phenol Meso tartaric acid

{ii1) On oxidasion with alkaline potassium peroxydisulphate, hydroquinone is formed.
OH OH

K38,0¢
(Alkalne solution)

Phenol

OH
Hydroquinone (Quinol)

Organic Chemistry il
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Organic Chemistry I [VIIl] Tests of Phenol

(i} Phenol gives violet colouration with 1% FeCl; solution,

(ii) Phenol gives Liebermann’s nitroso test.

(iti} Phenol reacts with phthalic anhydride in presence of conc. H,SOq4 to form phcno]phthalem
which gives pink colour in dilute alkaline solution.

(iv} Phenot gives a white precipitate of 2, 4, 6-wibromo pheno) with bromme water.

[1X] Uses of Phenol

Phenol is used :

(i) In the preparation of medicines such as salicylic acid, aspirin, phenacetin etc.

(ii) As an antiseptic and disinfectant in carbolic soaps and lotions.

(iii) In the preparation of cyclohexano} which is used as a solvent.

(iv) In the preparation of bakelite (a resin), phenolphthaiein (an indicator), picric acid (an
explosive) and azo dyes.

(v) In the preservation of ink.

* 1.12. INTERCONVERSIONS OF PHENOL

{i} Aspirin from phenol
OCOONa

NIOH Intramolecular
-H,o 8 ltmusphmc rearrangement

pressure

Phenol Sodjum
ph:noxld: phenyl carbonate
0COCH,
COOH COONa
CH3COCI Dil HZSD.‘
“—Ha

Aspirio Salicylic

(Acety] salicylic acid) acid salu:ylaw

(ii} Oil of winter green from phenol

COOH
As above CH;0H
{Cons. HZSO_‘] -Hy0

Phcnul Salicylic acid
OH

COOCH,

Methyl salicylate
(Ol of winter green)

(iii} Catechol from phenel

OH OH
OH
Conc. HSO4 SOsH _NeOH _HC)
Ordmary -Na 503
' temperature .

Phenol o-Hydroxy benzene Disodium salt Catechol
sulpl'lonic acid of catechol -

(iv) p-Nitrophenol and phenacetin from phenol

OH OH OH
@ . @ " @
Dil. HNO,
+
NO,

Phenol

.

o- & p-Nitrephenol
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The mixfure so obtained is steam distilled when o-isomer being volatile separates out leaving
behind non-volatile p-isomer. From p-nitro phenol, phenacetin is obtained as follows ;

NaOH  CHl
0N —@ OH T35~ O,N@ ONa 2%

p-Nitrophenol Sodium salt
CH;COCI Sn/HC1
— HZN-@— 0CH; <22 ozn—@— OC,H,
-2HO .
p-Amino phenetole p-Nitro phenetole
Phenacetin

* 1.13. EXPLANATION OF FACTS REGARDING PHENOLS

(1) Phenol has much higher boiling pomt than other compounds of comparable molecular
weight. -
Phenol has much higher boiling point than other compounds of comparable molecular weight,
because hydrogen bonding is found in phenol molecules. This hydrogen bond is formed between
oxygen atom of one molecule and hydrogen atom of another molecule.

SR
CgHs CeHs Cets

A large amount of energy is required for bieaking these hydrogen bonds. Hence, phenol has
much higher boiling point than other compounds of approximately same molecular weight.

(if) o-Nitrophenol has lower boiling point than p-nitrophenol.

o-Nitrophenol has tower boiling point than its p-isomer. This is because in the case of
o-nitrophenol, there is present intramolecular H-bonding, whereas in p-nitrophenol, there is present
intermolecular H-bonding. Hence, in the case of p-nitrophenol, a greater amount of energy is required
fos breaking H-bonds.

N

e QO

0 ---H—0
o-Nitrophencl # i 0---
(lntramelccular p.Nllrophmol
H-bonding) {Intermolecular
H-bonding)

(iii) Picric acid does not contain carboxylic group but it is acidic in nature.

Picric acid is 2, 4, 6, trinitrophenol. The acidic nature of phenolic compounds can be explained
on the basis of resonance. (Please refer to problem 23 (a}). The presence of three electron
withdrawing nitro groups result in increased resonance in the contributing structures and greater
stability of the phenoxide ion. Hence, picric acid is even stronger acid than phenol.

(iv) Explain why dipole moments of phenol (1.7 D) and methanol (1.6 D) are in opposite
directions ?

Delocalisation of electron density from oxygen to benzene ring makes the oxygen of phenol
of be the positive and of the molecular dipole. In methanal, the strongly electron-withdrawing
oxygen is the negative end of the dipole due to + / effect of the methyl group. So, the two dipoles
act in opposite directions.

. e
{0— H
C, H O—

T
CH»—0—H
—
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(v) Phenol is an acid, but does not react with sodium bicarbonate, Explain.

Phenol is a weaker acid than the carbonic acid (H,CQ3), so it does not produce CO; by
decomposing NaHCOs, a salt of carbonic acid. A weaker acid cannot decompose a salt of stronger
acid.

* 1.14. FRIES REARRANGEMENT

Tries rearrangement of phenyl ester into an o- or p-hydroxy ketone or both takes place in the
presence of anhydrous AICI,. Thus, when phenyl ester is heated with anhydrous AlCls, the migration
of acyl group from the side chain to the nucleus takes place.

OCOR OH OH
Anhy. AIC; @/ COR @
— +
Phenyl
ester ,
o- and p-Hydroxy ketones
CCOCH,4 ol Ol
Aunthy. AlCh @/ COCH, @
—_— +
Phenyl
acctate COCH3|

o- and p-Hydroxy acetophenone
The migration of acyl group to o- and p-positions depends upon the experimental conditions
and structure of the ester. In general, low temperature favours the formation of p-isomer and high
temperature favours the formation of o-isomer.

OH OCOCH,
Anhy AlCl Anhy. A1C13 COCH;
: ZS“C 165°C
Phenyl
COCH; acetate
2-Hydroxy acetopbenone o-Hydroxy acetophenone
{p-Acetyl phenol) (o-Acety] phenol)

Mechanism : According to Baitzly (1956), the rearrangement takes place mtramolccu]arly,
i.e., the formation of intermediate transition state takes place.

OCOR CLAl : O[COR} 0 ~

) J_n
+ Anhy, AIC, —» COR
OH
COR
—_— +AIC

o-Hydroxy ketont

* 1.15. CLAISEN REARRANGEMENT

Claisen rearrangement involves the conversion of phenyl allyl ether to allyl phenols by means
of heat. Thus, when pheny) allyl ether is heated at 200°C, isomerization takes place and the allyl
group migrates to the ortho position of —OH group resuliing in the formation of o-allyl phenol.

0—CH,—CH=CH; OH

CHZ— CH=C Hg
Heat
200°C

Phenyl ally! ether o0-Allyl phenol
If both the ortho positions are occupied, then migration takes place to the para position.



O—CH,—CH==CH, OH

HC CH, H,C CH;
Heat
' 200°C
2, 6-Dimethyl 2llyl ether
C}IZ—CH '=CH1
4-Altyl, 2-6 ditethy] pheno]

Mechanism : The mechanism of the reaction may be represented as :

%
<N I

CH (‘ CH, .

NI q  Teutomerises,
CH,
Phenyl allyl ether U OH
CHz“_CHEC.'l‘iz
o-Allyl phernol

* 1.16. RIEMER-TIEMANN REACTION

Riemer-Tiemann reaction is a reaction for synthesising phenolic aldehydes and acids when
heated with chloroform and alkali at 60°-70°C. On refluxing phenol and chloroform and sodium
hydroxide, a formyl group (—CHO) is introduced into the benzene ring at o-position to —OH
group. Small amounts of p-isomer s also obtained, The mixtute can be separated by steam
distillation, as only ortho isomer is steam volatile. '

The use of CCly in place of CHC); leads to the formation of phenolic acid.

CgHsOH + CCly + NaOH —— C¢H,(OH)COOH + 4NaCl + 2H,0

Phenolic acid
OH OH
CHO
CHCl3/NaOH
———— +
70°C '
Phenol o-Hydroxy benzaldehyde
(Salicylaldehyde) . CHO
(Main product) p-Hydroxy

benzaldehyde

Mechanism : This reaction shows electrophilic substitution of the aromatic substrate and
the electrophile dichlorocarbene; : CCl, (carbon has only a sextet of elecrons) formed by the action
of strong alkali on chloroform.,

OH+CHCl, = H,0+:CCly

:CCl; —» :CCl+Cl

3638 CO. I :626
¢ O H CHCl,
+:CCly —= cc,, —
' OH
. CHO ©/CHO
o &

Salicylaldehyde

w]]

The o- and p-hydroxy benzoic acids are alse obtained by similar reaction of alkali and
CCl,.

* 1.17. PICRIC ACID

{1} Preparation :
(i) From symmetrical trinitrobenzene : Sym. trinitrobenzene on oxidation with potassium
ferricyanide gives picric acid (Laboratory preparation).
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OH

NO.
ON NO: oy ON .
]

NO, NO,
Sym, trinitro benzene Picric acid

(ii} From pheno! : Phenol is first of all sulphonated and the resulting compound is then
nitrated with ]JlCl“lC acid is obtained. (Manufacturc)

Cone: H;SO,; Conc. HNO;

503H N02
Phenol Phenol m- Picric acid
disulphonic acid

[Il] Properties

(i) Picric acid is a yellow crystalline solid, M. Pt. 122°C. It is msoluble in cold water but is
soluble in hot water and either. It is stronger acid than phenol.

(3i) Action with PCl; : Picryl chloride is formed.

OH
C—OH + HOCgHs C—OC(,HS

Salicylic acid Pheno] Pheny! salicylate (Saloh)

(iii) Reduction : On reduction with Na,8, picramic acid is formed.

OH OH
Nﬂzs
. ———r

NO, NO,
Picric acid Picramic acid
(iv) Formation of picrates ; Picric acid forms yellow, orange or red crystalline molecular
compounds known as picrates with aromatic hydrocarbons, phenols and amines.
[t} Uses

Pieric acid is used in the manufacture of explosives and as a dye for wool and silk. It is also
used in the identification of aromatic hydrocarbons, phenols and amines.

*  SUMMARY

*  Monohydric alcohols are classified as primary (1°), secondary (2°) or tertiary (3°) depending
upon whether the —GH group is attached to a primary, a secondary or a tertiary carbon.

1 /anary carbon PIJ econdary carbon f{” Tertiary carbon
R—C—OH R—C—OH R—C—R'
I l i
H H OH
Primary alcchol Secondary alcohol Tertiary alcohol

e Boiling points of alcohols are much higher than those of the corrsponding alkanes, because of
the presence of H-bonding in aicohols.
8" & 3" & & &
H—O0--~-H-0~--H-0
| \ | |
R R R
Hydrogen bond

» 1°,2° and 3° alcohols can be distinguished by Lucas test, dichromate test.



\

*  Ethanol when warmed with aqueous KOH and iodine, gives yellow crystalline solid, iodoform Organic Chemistry il
(CHI3). )

Warm

CH;CH,0H + 4], + 6KOH — CHI; + COOK* + 5KI
* Ethylene glycol is used as an antifreeze for car radiators.
*  Phenols are more acidic than alcohols but less so than carboxylic acids or even carbonic acid.
*  Phenol reacts with phthalic anhydride in presence of sulphuric acid to form phenolphthalein
(Pthalein reaction).
Phenol Phenol

o
H H HO .OH
(”) Conc. H,504 . \@\ /@
—_——
C A, -H;0 C
©es CL>
/ o

HO

C
Il Il
0 _ 0
Phthalic anhydride Phenalpitbalein
*  Pieric acid is trinitrophenol, i.e.,
OH
O,N NO,
NO,

2, 4, 6 Trinitrophenol

STUDENT ACTIVITY

1. Give one test to distingiuish 1°, 2° and 3° alcohols.

2. Explain the dehydration of ethanol.

3.  Show that giycerol has three hydroxyl groups.

4.  What is Lucas test ?
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5. Write a note on phthalein reaction.

6. What is Liebermann’s nitroso reaction ?

7. Write the structure of pioric acid. ,

8, Write the mechanism of Riemer-Tiemann reaction.

+ TEST YOURSELF

Answer the following questions :

1. How are alcohols prepared ? Describe their important reactions.
2. How is ethyl alcohol manufactured from molasses or starch ?
3.  How does ethyl alcohol react with ?

(a) Na (b) Conc. H,SO/170°C () PCls  (d) KoCryOy/H'

4, How do primary, secondary and tertiary alcohols differ in their behaviour towards oxidation?

5.  What happens when ethyl aicohol is treated with alkaline solution of iodine ?

6. How will you distinguish among primary, secondary and tertiary atcohols ?

7. How will you convert methyl alcohol into ethyl alcohol and vice versa ?

8. Explain why alcohols have higher boiling points than alkanes of comparable molecular
weights? )

9. Explain why ethanol has higher boiling point than diethyl ether ?

10. Rank the following compounds in increasing order of acidity and explain your answer.”

(JfHa OIH
CH;—(Ii——OH CH;CH,OH CH;—CH—CH; H;0
CH;,
(A) (B} <) >y
11. How will you synthesise ethyl alcohot from acetylene ?
12, What is Lucas test ?
13. How is ethylene glycol prepared ?
14. How does ethylene glycol react with the following compounds ?
(a) PCls (b) PIy (c) Sodium (d) HIO,
15. How is glyceral manufactured ?
16. How does giycerof react with the following compounds ?
(a) KHSO4Mheat (b) HI . (©) PCls (d) Sodium
() XKNOyH,S0, (f) Oxalic acid (g) Acetyl chloride
17. How is glycerol prepared from oils ?
18. Starting from glycerol, how will you obtain the following compounds ?
(i) Nitroglycerine (ii) Allyi alcohol
(iii) Isopropyl iodide * {iv) Acrolein



19.
29.
21,

22.

23.
24.

25.

26.
27.

28.

29,
30.
31.
32,
33,
34.
35,
36.
37.
38.
39.

40.

41.

42,

43,

44.

45.

46.

47,

48.

49,

Give the synthesis and uses of glycerol.

Describe the synthesis and uses of ethylene glycol.

What happens when ?

(i} Glycerol is heated with potassium hydrogen sulphate

(ii) Glycerot is treated with a mixture of conc. HNO; and H,80,.

(iii) Glycerol is heated with oxalic acid at 260°C.

(iv) Ethylene glycol is distilled with a small amount of phosphoric acid ?

How will you synthesise the following compounds from ethylene glycol ?

(1) Oxalic acid (ii) Acetylene (ii) Dioxane

How will you synthesise succinic acid from ethylene glycol ?

How will you synthesise the following compounds from glycerol ?

(i) Allyl alcohol (ii) Nitroglycerine (iii) Acrolein

How will you synthesise glycerol from (i) propene and (ii) isopropyl alcohol ?

How is phenol prepared ? Mention any three methods.

What happens when ?

(i) Phenol 1s heated with zinc dust. {(i1) Phenol is treated with bromine water.
(11i) Phenol is heated with CCl, in the presence of NaOH solution and then with dil HCI.
How does phenol react with the following compounds ?

(i} Zoheat (i} Bro/H,0O (iii) HNO, (iv) Conc. HySO,
(v) HNO, (vi) Hy/Ni (vii) Phthalic anhydride

How is picric acid prepared ?

How will you distinguish between phenol and ethyl alcohol ?

How will you distinguish between phenol and benzy] alcohol 7

Write a note an ‘acicidty of phenols’.

Explain why phenol is more acidic than ethyl alcohol ?

Explain why p-nitrophenol s a stronger acid than phenol ?

Describe the mechanism of the following reactions :

(i) Fries rearrangement (ii) Claisen rearrangement  (iii) Riemer-Tiemann reaction
Write 2 note on Liebermana nitroso reaction.

What is iodoform test ?

Write a note on phthalein reaction,

Which one of the following will give tertiary a]cohol by reacting with CH3Mgl ?

CH,
(i) HCHO (ii) CH,CHO (iit} CH3;COCH;, (iv) | N O
CHZ
A compound X known to be an alcohol of molecular formula C4H100 on oxidation gives
C4HgO2. The compound X is most likely a :
(i) Primary alcohol (i1) Secondary alcohol (iii) Tertiary alcohol (iv) None of the above
The dehydration of glycol with anhydrous ZnCl; gives ;
(i) Dioxane (i) Acetaldehyde (iii) Diethylene glycol (iv) Eth¥lene dichloride
Which of the following compound is formed when glycerol is heated with oxalic acid at
370-380 K ?
(1) CH,=CH-—CH,OH (i) HCOOH  (iii) CH,COOH (iv) CH==CH—CHO
Which of the following compound is formed when glycerol is heated with oxalic acid at
230°C ?

(i) HCOOH  (ii) CHyCOOH (iit) CHy=CH--CH,0H (iv) CH;=CH—CHO
Which of the following compound is obtained when glycerol is heated with KHSOy4 ?

(1) Acrolein {i1) Allyt alcohol (iii) Glyceric acid  (iv) Formic acid
Carbolic acid is :

{1) Phenol {i1) Salol (i) Benzoic actd  (iv) Aspirin
Phenol on distillaton with zinc dust gives :

(i) Benzene (ii} Toluene (iii) Benzaldehyde (iv) Benzoic acid
Which of the following gives blue colour with FeCls ?

(i) Benzoic acid (ii) Nitrobenzene (iii) Phenol (iv) Benzaldehyde

Picric acid is :
(1) Trinitrotoluene (i1) Trinitroaniline  (iii) Trinitrophenol  (iv) None of these
Sodium phenoxide on heating with ethyl iodide gives :

(1) Phenol (ii) Iodobenzene (iii} Ethyl benzene (iv} Phenetole

Orgamc Chemistry I
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Organic Chemistry I 50. Which of the following compounds is aspirin?
(1) Salicylic acid (i) Methy] salicylate (i31) Acety} salicylic acid (iv) Salicylaldehyde
51. Phenol reacts with phthalic anhydride in presence of conc H28O4 to give :
(i) Fluorescein (ii) Aspirin (iii) Phenolphthalein (v) Resorcinol
52. Fill in the blanks :
(i) The LUPA.C. name of glycerol is .........
(ii) Alcohols have higher boiling points than isomeric ethers due to .........
(iii) Isopropyl alcohol when passed over heated copper at 300°C gives .........
(iv} An alcohol reacts with Grignard reagent to give an .........
(v) The alcohols containing two —OH groups are called as .........
(vi) The dehydration of glycol with conc. H2804 gives .........
(vii) The alkaline hydrelysis of an ester is known as ...
(viii) OQil of winter green is chemically .........

(ix) Phenols are ......... acidic than alcohols.

(x) Picric acidis .........

(xi) Phenol and benzyl alcohol can be distinguished by using ......... reagent.

(xii) The benzoylation of phenol in presence of NaOH is known as ......... reaction.

(xiii) The conversion of phenyl allyl ether to o-allyl phenols by means of heat is known as .........
ANSWERS

10. The increasing order of acidity is (lowest — highest) : (A) < (C} < (B) < (D)

As the number of alkyl groups attached to the carbon bearing the hydroxyl group increases,
the acidity decreases. Alkyl groups are electron-releasing and they tend to stabilise the alcohol,
making it more difficult to lose a proton. In addition, the presence of more alkyl groups
destabilises the negatively charged conjugate base. '

23. Following steps are involved :

CH,0OH - CHLCl yov CHLN  yom' CH;COOH

l — 1 = —]

CH,0H CH,CI CH,CN CH,COOH
Ethylene glycol

30. Following tests are used :

(i) Reaction with bromine water : When a solution nf phenol in water is treated with bromine
water, a yellow precipitate of 2, 4, 6 tribromophenol is formed. Ethyl alcohol does not give
this test. .

(ii) Reaction with FeCl3 : Phenol gives purple colour with neutral ferric chloride sofution,
while ethyl alcohol does not give this test. '

31. When phenol is heated with phthalic anhydride and a few drops of concentrated sulphuric
acid, phenoiphthalein s formed, which gives red colour with an alkali. Benzy! alcohol does
not give this test.

39, (iii), 40. (i), 41. (ii), 42. (i), 43. (iit), 44. (i), 45. (i), 46. (i), 47. Giii), 48. (iii), 49. (iv),

50. (i), 51. (i%), 52 (i) propane 1, 2, 3-triol (ii) hydrogen bonding

(iii) acetone, (iv) alkane, (v) glycols, (vi) dioxane, (vii) saponification,
(viii) methyli salicylate, (ix) more, (x) 2, 4, 6 trinitrophenol, (xi) 1% FeCl,,
(xii) Schottmann-Baumann (xii1) Claisen rearrangement
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UNIT

2

CARBOXYLIC ACIDS

LEARNING OBJECTIVES :

»  Carboxylic Acids
.* Nomenclature and Structure of Carboxylic Acids
* General Methods of Preparation and Properties of Carboxylic Acids
* Acidity of Carboxylic Acids
* Tartaric Acid
* Citric Acid
*  Aromatic Carboxylic Acids
* Benzoic Acld ’
* Conversions of Benzoic Acid
* Explanation of Facts
+  Salicylic Acid
*  Anthranilic Acid

*  Summary

* Student Activity

-+ Test Yourself

e 2.1. CARBOXYLIC ACIDS

Organic compounds with one or more carboxylic groups are acidic in nature and hence are
o)

called carboxylic acids. In fact, a carboxylic group is made up of —C—, carbonyl group and
O .

—OH, hydroxyl group. Therefore, the group, —C—OH is named as carboxylic (carbonyl hydroxy!)
group. However, a carboxylic group neither gives the characteristic reactions of carbonyl group nor
of alcoholic group. ' '

Carboxylic acids are further termed as monocarboxylic, dicarboxylic, tricarboxylic acids,
according as the number of COOH groups present in the molecule is 1., 2, 3, or more. The basicity
of these carboxylic acids depends upon the number of carboxylic groups present in a molecule.
Thus, a monocarboxylic acid is monobasic and a dicarboxylic acid is dibasic in nature and so on.

Carboxylic acids may also be considered as the carboxylic derivatives of hydrocarbons as
they may be obtained by the replacement of one or more hydrogen atoms by carboxylic groups,

¢g.
CH,— CH;COOH

Methane Acetic acid
These acids may also be considered as the oxidation products of hydrocarbons. in which the

end —CH; group is oxidised to —COQOOH group, e.g.,

Carboxylic Acids
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(8]
H-—CH, 5 H—CH,0H —-% H—CHO —% H—COOH "

Methane Methy) alcohol FFormaldehyde Fornuc acid
[l (o] ol
CH;—CH; —> CH;~CH,0H — CH;—CHO = CH;—COOH
Ethane Ethyl aicohol Acelaldehyde Acetic acid

Monocarboxylic acids are commonly referred to as fatry acids since higher members of this
homologous series, ¢.g., palmitic acid, stearic acid, etc., form fats with glycerol. The general formula
of this homologous series is represented as C,Ho, . JCOOH. They may be represented in general
by the formula RCOOH, where R may either be a hydrogen atom or any alky! radical. Since one
hydrogen of this carboxylic group may be substituted by a metal, they are considered as monobasic
acids. Monocarboxylic acids are also known as monoprotic acids as they give one proton when
dissolved,

* 2.2 NOMENCLATURE AND STRUCTURE OF CARBOXYLIC ACIDS

[I] Nomenclature of Carboxylic Acids

Monocarboxylic acids are named by three main systems.

(i} Trivial or common system : The first four members have derived their names from the
Latin or Greek words indicating their source of propagation or presence, e.g., HCOOH was named
as formic acid from the Latin word formica meaning ants (the first source of origin), CH;COOH
as acetic acid from the Latin word acetwm meaning vinegar (the first source of presence),
C,HsCOOH as propionic acid from the Greek word proton-pion, (proton = first, pion = fat) and
C;H,COOH as butyric acid from Latin word butyrwm meaning butter.

The higher members of this series are named on the basis of the number of carbon atoms
present in them, e.g., carboxylic acid containing 6C atoms is named as hexoic acid, containing
7C-atoms as heptoic acid etc.

In this system, acids having a single branch of methy! group in the normal straight carbon
chain farthest temoved from the carboxylic group are named by adding the suffix iso— to the
common name of the acids with the same numbes of carbon atoms, e.g..

CH;CH,CH,COOH CH,CH—COQH
Buiyric acid |
CH,
{sobutyric acid

The higher branched-chain members of this series are named as the alky!l substituted
derivatives of the normal parent acids. The positions of substituents in the straight chain being
indicated by Greek letters, i.e., the carbon attached to —CQOOH group is designated as o. next to
¢ as P, then y and so on.

3 v B «
[C—C—C—C—COQOH])
CH,4 . CH;
l
CH,CH,CHCOOH CH,CH,CHCH,COCH
&-Methy) butyric acid B-Methyl butyric acid

(ii) As derivatives of aceticacid : In this system, members of this homologous series. except
formic acid (HCOOH), are named as alkyl derivatives of acetic acid, e.g.,
CH;CH,COOH (CH,),CHCOOH (CH3);C.COOH

Methy! acetic acid Dimethyl acetic acid Trimelhy! aceuc acid
(iii) TUPAC system : According to this system. members are named by replacing ‘¢’ from
the name of the parent hydrocarbon by suffix ‘oic’ and using the word acid, e.g.. HCOOH is named
as methanoic acid (from methane, CH,), CH;COOH as ethanoic acid (from ethane, C,Hg), etc. The
positions of substituents in the main chain is indicated by numbering the carbon atoms of the main
chain, giving the number 1 1o the carbon of the —COOH group, e.g..

CH; ICHJ
I
CH;—~CH—COOH CH;—C—COOH
3 2 t K 7
CH,
2-Methyl propanoic acid 2, 2-Dimethyl propanoic acid



A few members of this homologous series with their names by all the three systems are listed
‘in the table given below :

Formuta Trivial name As derivative of IUPAC name
acetic acid
H.COOH " |Formic acid — Methanoic acid
CH3COOCH Acetic acid — Ethanoic acid
CH3CH;COOH Propionic acid Methyl acetic acid Propanoic acid
CH3CH2CH2CQOH Butyric acid Ethyl.acetic acid Butanoic acid
CH3CHCOOH Isobutyric acid Dimethyl acetic acid |2-Methyl propanoic
. acid
CHz )
CH3CHyCH,CH,COOH  ygleric acid n-Propyl acetic acid |Pentanoic acid
CH3CH.CH>COCH Isovaleric acid Isopropyl acetic acid |3-Methyl butanoic
(B-Methyl butyric acid '
CH; acid)
CH3CH;—CHCOOH Active valeric acid  |Ethy] methyl acetic  |2-Methyl butanoic
(ax-Methyl butyric acid acid
CH acid)

[] Structure of Carboxylic Acids

In a carboxylic group, atoms are arranged in a planar form as shown by electron and neutron
diffraction studies. Therefore, the carboxylic carbon and the two oxygen atoms in —COOH group
are sp* hybridised. The three sp2 hybridised orbitals of the carbon of the carboxylic group overlap
with two sp?' orbitals of the two oxygen atoms and one sz hybridised orbital of the alkyl group to
form three & bonds. The sp® hybridised orbital of one of the two oxygen atoms further overlaps
with s-orbital of a hydrogen atom 10 form a o bond. Each of the two oxygen atoms and the carboxylic
carbon are now left with one p orbital perpendicular to the ¢ bonding skeleton. Alf these three
unused orbitals overlap and the resulting 1t bond is partly delocalized between carbon and one
oxygen and the carbon and the second oxygen. It is shown in fig. 1. Due to this delocalization, it
can be expiained as to why (a) the C—O single bond of carboxylic group is shorter (1.36A) than
the normal C—O single bond (1-43A) in alcohols and ethers? and (b} the C—O double bond in
carboxylic group is stightly longer (1-23A) than the normal C==0 double bond (1204} in ketones
and aldehydes?™

@% potbials 9
343’ o< 0
sp? @,, @spz / @
sp3C:;H<:D:>C sp? . oo H—C
g 0N
§ % §
(®)
A
0
g8
R—C ,x\ or
A\

{b)
Fig. 1. (a) o-Skeieton of the carboxylic acid molecule. (b) Delocalized n-electron cloud.

Carboxylic Acids
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The structure of carboxylic acids can be represented as R AL &

R—C—OH

» 23. GENERAL METHODS OF PREPARATION AND PROPERTIES OF
CARBOXYLIC ACIDS

[I] General Methods of Preparation
(1) Oxidation of primary alcohols or aldehydes : With & mixture of K,CryO; and
H,S0y, primary alcohols or aldehydes form carboxy!ic acids,

H . H
R—CH,OH 25 R—C—H 2% R—C—OH
1° Alcohol Aldehyde Carboxylic acid

2) Hydrolysns of ester: On boiting an ester with concentrated aqueous NaOH sodium salt
of the acid is formed. ThlS on treatment with dil. HCI, gwes the corresponding acid.

II “ -
CHT—-C—OCQHs + NaOH -——) CH'_;——C——ONEI + CzHSOH

Elhyl acetate Sodlum acesdte

o
||

CH;—C—ONa + HC) —— CHy;—C—OH +NaCl

Acetic acid
(3) Hydrolysis of nitriles or alkyl cyanides : The nitriles or alkyl cyanides on hydrolysis
form carboxylic acids. ' '

0 Il
R—C=N —> R—C—OH + NH,4
Alky) cyanide. It
(Nitrile)
{4) Reaction of Grignard’s reagent with CO, : Grignard’s reagent (RMgX) reacts wnh
CO, to form an addition product which on hydrnlyms gives an acid.
R
I HORAT |
Carbon Grignard's Addilion product —Mg(OH) Carboxyllc acid
dioxide reagent . ;
(5) From reactive methylene compounds : Compounds in which a methylene group
O Qo
(—CH,—) is flanked by two electronegative groups {e.g., —C—,—C-—OR, —C=N_ etc.) are
called reactive methylene compounds. The hydrogen atoms of such reactive methylene group may
easily be replaced by a metal like sodium which in turn may be replaced by an alkyl radical. These
reactive methylene compounds and their alky] derivatives on hydrolysis produce monocarboxylic
acids, e.g.,

OH

H :
0 s Conc . KOH

CH,CO

H H
CH,COO C,Hs ————— CH;COCH + CH;COOH + C;H:OH

Alcotiohc Acetic acid {2 moles)

mtaenve

Acetoacetic ester

ne. KO
CH;COCHRCOOC,H; + 2H;0 -C-’i—K]-’L CHCOOH + RCH,COOH + C,H;0H
Monoalkyl derivative Alcoho Carboxylit acid

CH{(COOC,Hs) + 2K —aill, CH,(COOH), ———-> CH,;COOH
, (i HCIL
Matlonic esler Malonic acid Acetic acid
RCH (COOCsHy), + 2H,0 — 5, RCH (COOH), —2—s RCH,COOH

Monoalkyl derivative iYH Mounoalkyl —00, Carpoxylic acid
of malonic ester malonic acid



[Il] General Physical Properties //

The first nine members of the series are colourless liquids,. higher ones are colourless wax
like solids. The first three members (C,—C;) possess pungent odour, butyric acid (C4) has
rancid-butter odour, while the higher ones have goat-like odour. Lower members upto C4 are
completely soluble in water due to the formation of H-bonds between the hydrogen of acid and
oxygen of water and oxygen of acid and hydrogen of water.

...... H-——O——(|3=O H——? :...H_O_.C|j:O
R H R
Valeric acid (Cs) is slightly soluble, while members from C4 onwards are insoluble in water,
All the monocarboxylic acids are soluble in organic solvents like alcohol, carbon tetrachloride
and benzene. In benzene, the tower acids like formic and acetic acid, occur in dimeric state due to
hydrogen bonding.

Dimer state of acetic acid
The boiling points of fatty acids are abnormally high, even higher than corrésponding alcohols
. with same value of molecular weight, ¢.g., the boiling point of HCOOH (mol. wt. 46) is 100°C,
"\?ﬁ'i@:mat of C;HsOH (mol. wt. 46) is only 78°C. The abnormally high boiling points of fatty acids
indicate the greater strength of hydrogen bonds in fatty acids than in alcohols. The boiling and
melting points of fatty acids show a regular gradation with the increase in molecular weight.

[IN} General Chemical Properties ~—

The properties of carboxylic acids can be divided into four types :

(a) Reactions involving removal of a proton from O—H group by a base.

(b) Reactions at the carbonyl] carbort (> CO) involving attack of a nucleophile.
(c) Reactions invelving attack of the carboxylic group.

(d) Reactions involving attack of a halogen on an o-carbon.

(1) Reactions Involving Removal of Proton from Hydroxyl Group of Carboxylic Group

(i) Action of metals : Metals like Na, Ca, K, Zn etc. react with carboxylic acids to form
salts and form hydrogen.
2R .COQOH + 2Na —— 2RCOONa + H,
Carboxylic Sodinm carboxylate
acid
(i) Action of bases : Being acidic in nature, fatty acids react with both strong (e.g., NaOH,
KOH etc.) and mild (e.g., Na,CO3, NaHCO; etc.) alkalies to form corresponding salts.
RCOOH+ NaOH —— RCOONa+H,0
Sodium hydroxide

2RCOOH+ Na,CO; —— 2RCOONa+H,0+CO, T

Sodium carbonate
RCOOH + NaHCO; —— RCOONa+H,0+CO, T
Sodium bicarbonate
The latter two reactions, (particularly with sodium bicarbonate) liberate carbon dioxide, hence
are used as tests for carboxylic acids.
Sodium or potassium salts of the long-chain fatty acids are the contents of soaps, e.g.,
CsH3, COONa C,7H35COONa ’ .
Sodium palmitate Sodium stearate
(iii) Action of organic bases : Organic bases also react with faity acids forming salts, ¢.g.,
amines of all types, i.e., primary, secondary and tertiary, react with these acids to form salts, e.g.,
RCOOH + RNH, —— RCONHR + H,0O

Primary amine Substituted amide

(iv) Reactions of salts of fatty acids
(a) Action of heat on sodium salts. Anhydrous sodium salts of fatty acids on heating with
soda lime (NaOH + CaO) give alkanes with one carbon atom less.

RCOONa + NaOH (CaQ) —— RH + Na,CO;
Sodium salt Soda lime Alkane

Carboxylic Acids
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(b) Action of heat on calcium or barium salts. Anhydrous caicium or barium salts of fatty
acids when heated dry, give ketones.

Dry h
(RCO0),Ca —22" ,  RCOR + CaCO;
Caicium salt Carbony!
compounds
0

2 CHy—C—CH; +CaCO;

Acetone

(c) Action of heat on ammonium salts. Ammonium salts of fatty acids on heating alone form
amides with the liberation of one molecule of water.

RCOONH, —— RCONH, + H,0

Amm. salt Amide

i I
-+

CH,—C—ONH, —> CHs—C—NH,+H,0
Ammomum acetate Acetamide

However, when heated with some dehydrating agent, e.g., P,Os etc., they liberate two
molecules of water producing cyanides or nitriles.

RCOONH, -—~—) RCN +2H,0
Alkyl
cyanide
(d) Electrolysis of sodium or potassium salts. When concentrated aqueous solution of sodium
or potassium salts of fatty acids are subjected to electrolysis they produce alkanes.

C . At anodle At cathode

urren| _

2RCOONa —— 2RCOO™ +  2Na’
Sodium salt

{Cone. 2q. saln) l—ZE +2H,0 | +2e

R—R+CO, T 2NaOH+H, T
. Alkanc
{2) Reactions at the Carbonyl Carbon Invelving Attack by a Nucleophile

These are the reactions in which a nucleophile attacks on the carbonyl carbon of the carboxylic
(0]

I

(—C—OH) group forming derivatives of fatty acids.

(i) Esterification : The reaction between an alcohol and a fatty acid (or any other acid) with .
the liberation of water molecule is known as esferification and the product formed is known as an
ester. The reaction is catalysed by a mineral acid (e.g., HCI, HZSO4 etc.) and is reversible.

R—C—OH + R'—CH —— R—C—OR’ + H,O

Carboxylic acid Alcahol Ester
i Conc. H,50,
CH3CO0H + HOCgHs —_—) CH3COOC2H5 + H,0
Acetic acid Emy) aleshol . Ethyl acetate

Mechanism : According to Ingold, the acyl-oxygen fission is involved in acid catalysed
esterification. )
" Step 1. Pratonation of carboxy]ic acid,

§ ”\ T

R—C OH + H” = R-—(; OH



Step 2. ‘Attack of protonated form by nucleophile R'OH.

OH H OHH
R—”‘c::/_;\ :(!‘)-—R' = R—C—O0—R’
OH OH
Step 3. Hydrogen jon transfer

+
:OH H OH,
I, |
R—C| —Q“R = R—?—O——R’
OH OH

Step 4.  Elimination of proton anid a water molecule,
+
R—('Z—O—R' = R—C-—O0—R' + H,0 + H*
(o 0
9/ Ester
{ii) Formation of amides : Carboxylic acids react with ammonia to form salts, which on

heating give amides.
0 ‘ 0O 0
| [— [

R—C—OH +NH; — R—C—ONH; —-—» R—C—NH,
. Bk Amide
0O 0O 0
l - -, |
CH;—C—OH +NH; —— CH;—C-—ONH; —— CH;—C—NH,.
Acetic acid Ammonium acecsate 20 Acetamide
(iii) Formation of acid halides : When fatty acids react- with reagents like phosphorous
halides (e.g., PCls, PCly, PBr3, etc.) or thionyl halides (e.g., SOCl,, SOBr,), their —OH group is
replaced by halogen atom forming corresponding acid halides.
) (0]
| |
R—C—OH + PCls — R—C—CI + POCI; + HCI

Carboxytic Priosphorous Acid chloride Phospho-
acid pentachloride axychlaride

0 0
' I
3 R—C—OH +PBr; — 3R—C—Br + H,PO,
Phosphorous Acid bromide Phosphorous
tribromide acid
]O 0
|
R—C—OH + SOCl, — R—C—Cl1+80, T+HCI T
Thionyl chloride .
The best method of preparing acid halides from acids is the use of thionyl hatides since the
by-products, i.e., HX, SO,, formed are gaseous and escape, leaving pure acid halides.
(iv) Formation of acid anhydrides : Fatty acids undergo intermolecular dehydration in
presence of dehydrating agents such as phosphorous pentaoxide etc., to give corresponding acid
anhydrides.

O O O O
I | p.0, [
R—C— 0—C-—R ——> R—C—0—-C—R+H,0
.. Acid anhydride
Carboxylic acid
{Two moles)
Acid anhydrides are also formed by the action of an acid halide on fatty acids.
] i 1o
l I |
R—C—O —C—R’ —> R—C—O—C—R’+HX
. Acid halide
Carboxylic
acid

Carboxylic Acids
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The method has a special use in the preparation of mixed acid anhydrides. However, use of
sodium salts of fatty acids are preferred over free acid molecules in the above method.
Simple anhydrides of higher fatty acids are also prepared by distilling them with acetic

anhydride.
o) [o) 0 o) 0 0
! [ Dl I | |
R—CH,C—O0H + CH;—(C—0—C—CH3 — R—CH,C—O0—CCH,—R + 2 CH,—C—0H
Higher fatty acid Acetic anhydride Higher fauy acid anhydride Acetic acud

Though the reaction is reversible yet the equilibrium remains on the right hand side since the
acetic acid formed is of comparatively low boiling point and hence distils over during the reaction.

(v) Reduction : Fatty acids are difficult-to be reduced by conventional reducing agents such
as Na/C,Hs0OH, H,/ catalyst, etc. However, strong reducing agents, e.g., lithium aluminium hydride
(L1AIH,) reduces them smoothly to primary alcohols.

0
] LiAw,
i er .
Carboxylic acid Primary alcohol

An advantage of the use of LiAIH, 15 that it does not attack on upsaturation. Hence, unsa;uraléd
acid is directly reduced to an unsaturated primary alcohol.

LiAIH
RCH=CHCOOH + 2H _Et_'!r_“) RCH=CHCH,0OH
Unsaturated acid ' = Unsaturated alcohot

(3) Reactions Involving Atack of Carboxylate lon
Monocarboxylic acids react with diazomethane to form the comresponding methyi ester.

0 _ 0
|
R—C—OH + CH;N; — R—C—OCH, + N,
Diazo Melhyl ester
methane

{(4) Reactions Involving Attack of a Halogen Atom on o-Carbon
(i) Halogenation : Fatty acids are attacked by halogens such as chlorine and bromine in
presence of ultraviolet light to form halogen substituted acids.

0 0
[
R—C*—COOH + Cl; ——— R—C—COOH + HCI
a-Chloro acid

The a-hydrogen atoms of the fatty acids are all replaced one by one depending upon the
conditions of reaction, e.g., when chlorine is passed into hot acetic acid in presence of ultraviolet
tight, all the three moino, di and trichloroacetic acids are obtained.

cl, cl,.
CH,—COCH v CH,C1—COOH 7
Acctic acid Moaochloroaoetic .
acid ‘
Cl,
CCl—~—COOH v CHC],—COOH
Trichloroacetic . Dichloroacetic
acid acid

Higher fatty acids are attacked by halogens randomly along the hydrocarbon chain producing
all types, i.e., o, B, ¥ etc., halogen substituted acids,

(ii) Hell-Volhard-Zelinsky, (HVZ) reaction : When a carboxylic acid that contains
o-hydrogen is treated with Cl, or Br; in the presence of phosphorus, the a-hydrogen atoms are
replaced by chlorine or bromine atoms. This reaction is known as the Hell-Vothard-Zelinsky (HVZ)
reaction. It is a very good method for preparing 0i-halosubstituted fatty acids.

' H Cl

RedP |
R—CH—COOH + Cl; ——— R—CH—COOH + HCl
o-Chloro carboxylic

o
Carboxylic acid acid

Red P
CH,COOH + Cl, —— CICH,COOH + HCl

Chloroacetic acid



Br
b Red P ‘
CH;—CH,—COOH + Br, —— CH;—CH—COOH + HBr'
Propionic acid o-Bromopropionic
acid

Mechanism : In this reaction. first of all phosphorous reacts with halogen to form phosphorus
pentahalide which in turn changes the acid into the corresponding acyl halide. The acyl halide
having a little enol content undergoes halogenation at ¢-position via enolic form giving rise to
o-halogenated acid halide.

2P + SBr; —— 2PBi;5

0
I
R—CH,—COOH + PBrs —— R—CH,—C—Br = POBr, + HBr

ci) (l)H 1|3r CO—H
| Bry
R-_CHZ—C—-BI- = R—CH=—C—Br —, R~—-CH-—-C—Br
Br
2]
l—Br
g .
Br O Br OH

[ - [
RGBT R—CH—C—Br
The o-bromoacyl bromide reacts with acid to give ¢-bromo acid by an interchange reaction.
Br O Br O o
| l i I i
R—CH—C—Br + RCH,COOH —— R—CH—C—O0H + RCH,—C—Br

» 2.4. ACIDITY OF CARBOXYLIC ACIDS

(] Acidity of Carboxylic Acids
Carboxylic acids are acidic in nature, as they can donate a proton and form salts with bases.

i ]
-+
R—C—OH + NaOH ~—3 R—C—ONa + H,0
Salt

In an aqueous solution melecules of carboxylic acids interact with water molecules to form
carboxylate ions and hydronium ions.

.. _~H I +/H
R—C—0—{H =+ .Q\H = R—C—O + H—0 Nn

Carboxylic acid Water Carboxylate ion Hydronium ion

Carboxylic acids are weak acids and the extent of ionisation is described by an ethbr:um
constant X, known as acldlty constant,

i i
R—C—OH + H,0 ==R—C—0 + H;0"
x = RCOO] [H;0"]
“”  [RCOOH]
The acidity constant describes the relative strcngth of a weak acid. Higher the value of K,
stronger will be the acid.

. Reason of acidity : The reason for the acidity of carboxylic acids is that they lose a proton
readily because the carboxylate ion formed by ionisation or reaction with a base is stabilised by
resonance. In the case of a carboxylic acid, both the acid and the carboxylate ion formed by
dissociation can exist in two canonical forms.

Carboxylic Acids
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/ .q: e .q: -H N
R—C —— R—C S
\'::)—-H . \‘(J_-')QH +H

I I
Non-equivalent
{(More internal enctgy; less stabls)

e (5:
oy » R
R C\? —— R C\/".-.:
{14 v
Equivalent

(Less internal encrgy; more stable)

In canonical form I there is separation of opposite charges and some energy must be supplied
to do so. Therefore, it would contain more energy and is thus less stable than I, However. the
canonical forms III and IV of carboxylate ion have equivalent structures which are necessarily of
equal stability. Thus, both acid and carboxylate are resonance stabilised but stabilisation is far greater
for the carboxylate ion than for the acid.

Stability of carboxylate ion : According to the resonance theory, a carboxylate ion is a
hybrid of two canonical forms as mentioned above. These forms are of equal stability and contribute
equaily and in the hybrid ion the carbon is joined {o each oxygen by equivalent “one-and-one-half”
bond. In other words, the negative charge of the carboxylate ion is evenly distributed over both
OXygen atoms.

0 ' 0 o]
& d P
R—C «—» R—C or R—CX,
~ 5 _ A 0 = OJ
Canonical forms of carboxylate ion Resonance
hybrid

Physical methods have proved that carboxylate ion exists as a resonance hybrid. X-ray and
electron diffraction studies have shown that the two carbon-oxygen bond lengths in formic acid are
different, while in sodium formate they are equal.

1234 127 \A _
:./0 ‘/,0 R
H——C\ H—CZ Na
~0—H £%0
136 A 127A
Formic acid Sodium formate

Further, the bond lengths in the formate ion lie intermediate between those of double bond
and single C—O bond.
[i] Influence of Substituents on Acidity
We have seen that the acidity of carboxylic acids is due to their ability to release protons.
O O
| - .

R—C—COH — R—(C—0O+H

Carboxylate ion

The force behind this dissociation is the gain in stability in going from carboxylic acid to
carboxylate ion. Thus, any factor that stabilises the carboxy(ate ion more would facilitate the release
of protons and increases the acidity. Conversely, any factor that destabilises the carboxylate ion
would decrease the acidity. Thus, electron withdrawing substituents, e.g., Cl, NO,, CN, efc., in a
carboxylic acid would disperse the negative charge of the COO", stabilise it and thus increase the
acid strength. On the other hand, the presence of an electron donating substituent such as alkyl
group, would intensify the negative charge on the COO™ ion and thus destabilise it, making the

carboxylic acid less acidic.
ol” ol
e S CE

[IN] Relative Acidity of Carboxylic Acids
The most important factor affecting the acidity is the inductive effect of substituents on the
o-carbon atom.



(1) Electron withdrawing substituents like Ci, Br, F, OH, CN increase the acidity.

The most impertant factor responsible for the acidity of aliphatic acids is the inductive effect
of the groups close to the carboxyl group. The inductive effect relays charge through single bonds
by displacing bonding electrens towaids the electronegative atoms or away from the electropositive
atoms. So, electron withdrawing groups increase acidity, while electron releasing groups reduce the
acidity. Consider the carboxylate ions formed when acetic acid and its chioro derivatives ionise.

O 0
e & &+ P
—(C* =] 2 e .
CH3 C\“O CI*CHZ_C\x\‘O
Acetate Chloroacetate
5
5- Cl
O s 20 o | g =0
&>CH—CZ/‘ o C—Cc- X7 e
CI . o | o
Dichlorocstate &

Trichloroacetate

We know that chilorine 1s more electronegative than carbon, then C—Ci bond is polarised
with the chlorine atom partially negative and the carbon atom partially positive. Therefore, electrons
are pulled away from the carboxylate end of the ion towards the chlorine atom. The effect tends to
spread the negative charge over more atoms than in acetate fon itself and thus stabilises the ion.
- The more the chlorine atoms, the greater the effect and greater the strength of the acid. Se,
trichloroacetic acid is a stronger acid than acetic acid.

The strength of the electron withdrawing substituents determines the magnitude of its effect
on acidity, For example, fluoroacetic acid is stronger than chloroacetic acid, as ¥ is more
electronegative than Cl. '

(2) Electron releasing alkyl groups decrease the acidity.

The above fact is because the electron releasing groups increase the negative charge on the
carboxylate ion and destabilise it. The loss of protons becomes more difficult. The increase in the
size of the alkyl group decreases the acidity of the acids, ¢.g.,

o o

HCOOH CH;—COCH CH;CH,COOH

Formic acid Acctic acid Propionic acid
(Klj {K‘_v) (K:;)

We have K; > K, > K.

2.5. TARTARIC ACID

[1] Preparation ,

(1) From argol : Argol is obtained as a seddish brown crystatline mass during alcohotic
fermentation of grape juice. It is impure potassium hydrogen tartarate. It (crude argol) is dissolved
in boiling water and crystallised to obtain pure white substance known as cream of tartar (potassium
hydrogen tartarate). It is dissolved in boiling water and neutralised with Ca(OH), when half of the
original tartarate separates as insoluble calcium tartarate and the other half remains dissolved as
potassium tartarate.

CH(OH)COOK CH(OH)COO CH(OH)COOK
2 +Ca(OH), — | > Cat | +H,0
CH{OH)COOH CH(OH)COO CH(CH)COOK
Potassium hydrogen tartarate Calcium tanarate Potassium tartarate
(Cream of tartar) (Ppt.)

The precipitated calctum tartarate is separated by fitteration and CaCl, is added to the filterate,
when the soluble potassium tartarate is precipitated again as calcium tartarate,
CH(OH)COOK CH(CH)COO
+CaCl,— | NCa +2KCl
CH(OH)COOK CH(OH)COO 7

Potassium tartarte Calcium tartasate |
Both lots of calcium tartarate are mixed and then decomposed with calculated amount of
dilute H,8Qy. CaSQy is filtered off and the filterate after decolourisation with animal charcoal, is
evaporated under reduced pressure to get crystals of d-tartaric acid.

Carboxvlic Acids
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Orgam'c Chemisrry I CH(OH)COO CH(OH)COOH
>Ca + H,SO, (Dilute} — | +CaS0,
CH{OH)COO CH(OH)COOH

Tartaric acid
{2) By boiling o, o-dibromo succinic acid with moist silver oxide.
CH(Br)COOH CH(OH)COOH
+24g0H —> | - +2AgBr
CH(Br)COCH CH(OH)COOH
di-Tactaric acid
(3) By treatment of glyoxal with HCN.
CH==0 CHOHYCN o CH(OH)COOH
| +2HCN — | —
CH=0 CH(OH)CN H  CHOH)COOH
Glyoxal Glyoxa{ cyanchydrin dl-Tartaric acid
(4) By the oxidation of fumaric acid or maleic acid with alkaline KMnQ,.
H—C—COOH Alk. KMn0, CH(CH)COCH
| +H;0+[0] — —— |
HOOC—C—H CH(OH)COOH

Fumaric acid dl-Tartaric acid
CHCOOH Alk. kMno, CH(OH)COOH
I +H,0+[0) ———
CHCOOH CH(OH)COOH

Maleic acid Meso tartaric acid
(5) By synthesis.

Electric arc

CH; g, CHyBr , o CHCN
I
CH;, CH,Br CH,CN
HOH
Dil. acid
CH(OH)COOH ,,qy CHBICOOH g, CHCOOH
— —
CH(OH)COOH CHBrcOOH R*P CH,COOH
Tartaric acid . Dibromo succinic acid Succinic acid
[i] Physical Properties .
Tartaric acid is a colourless crystalline solid, M.P. = 171°C, soluble in water and alcohol, but
insoluble in ether. Since it has two asymmetric carbon atoms, it shows optical isomerism, The natural
tartaric acid is the dextro variety and angle of rotation, i.e.,

2C+H, =
CH

[a]'D=+ 12.7°

{i] Chemical Properties
(1) Action of alkali, Tartaric acid forms two series of salts, i.e., acid salt and normal salt,

eg.,

CH(OH)COONa (llH(OH)COONa CH(OH)COO(SbO)
CH(OH)COOH CH(CH)COOK CH{OH)COOX
Sodium hydrogen tartarate Rochelle salt Potassium antimony! tartarate
(Acidsalt) | {Sodium potassium tartarale) (Tanar emetic)
{2) Action of alcohel. With alcohols, tartaric acid forms acid and normal esters.
CH(OH)COOH  Ch,0H CH{OH)COOC,;H; C,H;OH CH(OH)}COOC,H;
THs0, TS0,
cHomcoon ™% croncooH H:S0s  CHOH)COOC,Hs
Ethyl hydrogen tastatate Diethyl lartarale
. (Acid ester) (Normal ester)
(3) Action of ammonia. Tartaric acid forms ammonivm salt, which changes to amide on
heating.
CH(OH)COOH 2N, CH(OH)COONH, A CH(GH)COONH,
— — | +2H,0
CH(OH)COOH - CH(OH)YCOONH, CH(OH)COONH,
Ammonium tartarate
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(4) Action of heat. When heated at 150°C, tartaric acid forms anhydride. On strong heating
i.e., above 170°C it chars with the formation of pyruvic acid.

CHOH)COOH 5c CHOHICON | girong

i —‘_———) z 0— CH3COCOOH + COZ + H20

CH(OH)COOH M cHoB)CO heating  pawvic acid

(5) Action of PCl,. Tartaric acid forms dichlore succinyl chloride.

CH(OH)COOH CHCICOCI
| : +4PCls— | +4POC); + 4HCI
CH(OH)COOH CHCICOC]
Dichloro succinyl
chloride
(6) Action of CH3C0CI. Tartaric acid forms diacetyl tartaric acid.
CH(OH)COOH ' CH(OCOCH;)COOH
: + 2CH;COCI —s | +2HCI
CH(OH)COOH CH(OCOCH,)COOH

Diacetyl tartaric acid
(7) Action of HBr. Tartaric acid forms dibromo succinic acid.
CH(OH)COOH CHBrCOOH
+2HBr—> | +2H,0
CH(CH)COOH CHB1COOH

Dibromo succinic acid t
(8) Action of HI. Tartaric acid forms malic acid and then gives succinic acid.
CH(OH)COOH CH(OH)COOH SHI CH,COOH
+2H] ———> _—
CH(OH)COOH 00+ cpcoon MO+ cpLcooH
Malic acid Succinic acid
(9} Action of conc. H,8Q,. Tartaric acid decomposes into carbon monoxide, CO,, SO; etc.
CH(OH)COOH ¢
+2H,50,—— 3CO + CO; + 250, + SH,O
CH(OH)YCOOH  Com) )
(10) Oxidation. (a) With mild oxidising agents, tartaric acid is oxidised to tartonic acid, while
with strong oxidising agents, e.g., conc. HNQ;, it forms oxalic acid.
CH{OH)COOH 01 CH({OH)COOH (0] COOH
— | -
CH(OH)COOH COOH COQH

. Tartonic acid Oxalic acid
(b) Action of Tollen’s reagent. Since tartaric acid is easily oxidised with mild oxidising
agents, it acts as a reducing agent and forms silver mirror with Tollen’s reagent.

CH(OH)COOH CH(OH)COOH
+ 2A2,0 — | +4Ag + H,0 + CO,
CH(OH)COOH  Tollen's COOH
reagent Tartonic acid

(¢) Action of Fenton’s reagent. When tartaric acid is oxidised with Fenton's reagent

(Alk. H,O, + FeSO,) dihydroxy maleic acid is formed.

CH(OH)COOH reso, C(OH)COOH
+H202 ‘—AI—) ” +H20
CH(OH)COOH kali  c(OH)COOH

Diacetyl maleic acid
(11) Complex formation. In Fehling’s solution {CuSO4 + Rochelle salt + NaOH) sodium
potassium tartarate checks the precipitation of insoluble copper hydroxide by converting the latter
intc soluble complex with the following probable structure.

H ’ H
00C— (IJ O\ O—C—COO—
OOC—C 0 Cu <0—C——COO—~ 6Na”
i H |
Sodivin cupritantarate

Carboxytic Acids
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[IV] Uses _ "

Tartaric acid is used : T

(1) In the preparation of et’fervescem and saline drinks. .

(2) In preparing potassium antimonyl tartarate which is used to cause nausea and vomiting
in the treatment of poisoning.

(3) As a mordant in dyeing and calicoprinting.

{(4) In preparing potassium acid tartarate Wthh is used in baking powder and dyemg

[V] Structure of Tartaric acid

(a) Molecular formula. The molecular formula of tantaric acid is C4H¢O4.
- (b) Presence of two carboxylic groups. Tartaric acid gives two series of salts and esters.
Hence, it contains two carboxylic (—COQH) groups,

C4HgOg + NaOH — C4H;OgNa -—Bﬂ) C4HOgNay
. : C,H,OH
CQ}I()Os + CszOH - C4H;0,C,Hy —— C.H,04 (CgHs)g
) Ethy] tartarate

On heating, tartaric acid does not give CO,. Hence, the two —COOH groups must be linked
to two different carbon atoms.

(¢) Presence of two hydroxyl groups. It is indicated by the formation of diacetyl derivatives
and dibromo derivatives with acetyl chloride and bromine {in presence of red P), respectively. Since
the acid is stable, hence the two —OH groups must be linked to two different cacbon atoms

CH(OCOCH,)COCH
CHgOg + 2CH,COCI— |
CH(OCOCH,)COOH
Diacety] derivative

(&) In view of the above mentioned facts and considering the valencies of different elements,

tartaric acid should be represented by the following structure.
H

HO—C—COOH C

]

HO-—C—COOH

H
(e) The above reaction is confirmed by the following reactions :
(1) On reduction with HI, tartaric acid yields malic acid and succinic acid. This shows that
tartaric acid is dihydroxy succinic acid.

CH(CH)COOH 2HI CH,COOH SHI CH,COOH
-H,0 | -H,0

CH(OH)COOH " CH(OH)COOH  CH,COOH

- Malic acid - Succinic acid

(ii) Formation of tartaric acid from dibromo succinic acid with AgOH confirms the above
view.

CH,COOH g, CHBrCOOH CHOHCOOH

1 — | +AgOH - |

CH,COOH CHBrCOOH CHOHCOOH

Succinic acid Dibromo succinic Tartaric acid
acid

The above structure of tartaric acid is further confirmed by its synthesis.

¢« 2.6. CITRIC ACID

[} Methods of Preparation
(1) From lemon juice. The unripe lemons are squeezed to get the juice. Following method

| is followed in the recovery of citric acid from lemon juice.

(a) Lemon juice is boiled to coagulate the proteins present in it and then filtered.
(b) The filterate is neutralized with CaCQ5 and boiled when tricalcium citrate precipitates out.
2(:61'1307 + 3C51C03 4 Ca3(C6H5O;r)3 + BHQO + 3C02

Citric acid Tricalcium citrate



(c) The white precipitate of tricalcium citrate is filtered and decomposed with a calcuiated

amount of dil. H,80,. A white precipitate of CaSOy is formed, which is removed by filteration.
Ca3(C4Hs07), + 3H,S04, —2C,HgO4 + 3CaS0,
Citric acid ~ White pp1.

(d) The filterate containing citric acid on concentration by evaporation deposits crystals of
citric acid. These are further purified by recrystallization to get the crystals of monohydrate of citric
acid {C¢HgO- . H,O). f'

(2) From fermentation of sugars. This method was introduced in U.S.A. It is now widely
used for the manufacture of citric acid in U.S.A., UK. and Japan.

A dilute solution of molasses, glucose or sucrose is fermented with certain moulds or fungi,
e.8., citromyces, pfeffarianus, and aspergillus niger at 40°C in presence of certain inorganic salts
like CaCO; which neutralize the free acid formed during fermentation as the fungl da not grow in
highly acidic médium. Citric acid is formed within 7-10 days.

Aspergillus niger
Cqu_zOu + 302 ——'u——‘-) 2C6H80? + 3H20
- Cane sugar 40C

CeHj20¢ + 3 [0] ————— C4Hz0; + 2H,0
?..CﬁHst + 3C3C03 —_— Ca3(C6H5O—;}2 + 3H20 + 3C02 .

Citric acid Tricalcium citrate
Cay(CeHs0,), + 3H,80, — 2CH O, +3CasS0,d
Tricalcium citrate Citric acid ~ White ppt
CH,.COOC,H;
CH,CO0C,H;
| + Zn + 0=C—COO0C,H; _-0OZaBr
Br —» C
Ethy! bromoncetate CH,—COOC,H; "N CO0C,H;
Onaloacetate - .
CH,.COOC,H;
CHZCOOH
/0}1
c_ +3C,H;O0H + ZnO + HBr _
COOH
CH,COOH
Citric acid

(3) By Reformatsky’s reaction. By hydrolysing the product obtained during the condensation

of ethyl bromoacetate with oxaloacetate in presence of zinc.

(4) From petrolenm. Recently, it has been shown that ¢értain strains of candida (a yeast) can
produce citric acid from n-alkanes derived from petroleum. This method when developed will
revolutionise the citric acid industry.

(5) From synthesis. Citric acid can be synthesised as follows :

Electric spark +H0
2C+Hy ———— CH=CH >
500°C 42% H.SO,+ 1%HgSO,
CHy (g CHi Ca(OH}, Dry distiltation
' | — | —— (CH3C00),Ca
CHO COOH Calcium acetate
Acetic acid
CH,4
Reduction Conc. H580, | Cly
CH;COCH; ~———— CH;CHOH.CH; ———> CH ——

2 |

-H 10 n 500°C
CH,

isopopyt alcohol

Carboxylic Acids
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Y

CHLCI CHOH =~ = CHOH
| Aq. Na,COy | ‘;-,' HOCI | NaOH
CH ———— CH —> CHC! & ——
I 150° 12 Atm. || | Soda lime
CH, CH, CH,0H
Allyl chloride Allyl aicohol Glycerol-B-monochloro-
. hydrin
CH,OH CH,;0H CH,CA
I H,0 | HQ | [0]
CH ——— CHOH ——> CHOH ——
| \ 0 Acids i Acetic acid | H,CrO,
CHZ/ CH,0H CH,Cl
Glycerol Glycerol a-of
: dichlorohydrin
CH,ClI CH,Cl CH.CN CH,COOH
J wen | KCN ! H,0
(|:0 —— C(OH)CN —— C(OH)CN ——— C(OH)COOH
CH,CI CH,C CH,CN CH,COOH
Dichloro- Dichlora acetone Citric acid
acetone cyanohydrin

[t1] Physical Properties '

Citric acid crystallises in the form of large rhombic crystals containing one molecule of water
of crystallisation. The melting point of hydrous acid is 101°C and that of anhydrous 153°C. It is
highly soluble in water and alcohol but less soluble in ether.

(I} Chemical Properties
(1) Action of alkali. Citric acid forms three series of saliis.

CH, .COONa CH, .COONa * CH, .COONa

| l 1

C(OH)COOH C(OH)COOH C(OH)COONa
l

CH, .COOH CH, .COONa CH, .COONa

Monosodium citrale Disodium citrate Trscdium citrate

/EZ) Action of alcohol. Citric acid forms three series of esters.

CH,COOH CH,COOC,Hs
C.H;0H C,H;CH
C(OH)COOH ——> C(OH)COOH —————>
IH,S0,] . [H,80,]
CH,COOH CH,COOH
Citric acid Monoethyl citrate
CH,COOC,Hs CH,COOC,Hs
| C,H;OH l
C(OH)COOH ———-—> C(OH)COOC-Hs
2 4 )
CH,COOC,Hs; CH,COO0C,Hs
Diethyl citate Triethyl citrate /

(3) Action of acetyl chloride. With acetyl chloride or acetic anhydride, citric acid forms
monoacetyl derivative.

CH, .COOH CH,COOH
| _OH : |  ococH,

c + (CH,C0),0 —> c< +CH,COOH
| “coon  Aux | “NcooH

CH, .COOH CH, .COOH

Monoacety] citric acid




(4) Action of HI., Citric acid gives tricarballylic acid.
CH, COOH CH, COCH

C(OH)COOH + 2HI — CH.COOH +I,+H,0

CH, .COCH CH, .COOH
Citric acid Tricarballylic acid
(5) Action of heat. When citric acid is heated at 175°C, it gives aconitic acid.
H—CH—COOH CH—CQOOH
e |

HO—C—COOH -—— C—COOH + H,O

CH,COO0H CH,—COOH

Citric acid Aconitic acid

Aconitic acid readily loses cabon dioxide at higher temperatures producing isomeric
citraconic, mesaconic and itaconic acid. Citraconic and itaconic acids then lose water to produce
their respective anhydrides.

{l-fH—COOH (ﬁH——-COOH CH—CQOH
- CO'\
iy C—COOH —5 HOOC_(|: + C—COOH
CH,—COOH CH, CH,
Acaonitic acid Mesaconic acid Citraconic acid
{Trans form) {Cis form)
(i) CH—COOH CH, CH, =
|| . ~CO, Il H-0 [
' (]Z—COOH ~— C—COOH ——» (iT~CO ~
| 0
CH,—COOH CH,COOH CH—co”
| Aconiticacid © Itaconic acid Itaconic anhydride
{1ni) CH—COOH CH-—-CO
A0 | No
1 -
CII——COOH _— C]:_CO
CH, CH;
Citraconic acid Citraconic anhydride
(Cis acid) . ,

(6) Action of sulphuric acid : When citric acid is heated with fuming H,S0, it gives
dicarboxylic acid.

CH,—COOH CH,—COOH
Fuming
C(OH)—COOH ——— CO +CO+H,0
2904 ‘
CH,CQQOH CH,COOH
Citric acid Acetone dicarboxylic acid
(Cis acid)

_ (7 Action of metallic hydroxides : Citric acid forms soluble salts with certain metallic
hydroxides e.g., Cu(OH),.
CH, .COOK CH,COOK
;| |
HO—Cu—OH+HO—C.COOK  — HO—Cu—0—C—COOK
|
CH,—COOCK CH,COOK

Soluble complex
[IV] Uses =%

Citric acid is used :
(1) As a mordant in dyeing and painting.

Carboxylic Acids
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in the side chain, For example,

(ii) In confectionery and synthetic fruit.drinks. ...

(iii) In preparing magnesium citrate which is used as a laxative in medicine.

(iv) In preparing ferric ammonium ciitate which is used in preparing blue prints. It is also
used in medicine for iron deficiency. .

{v) In preparing esters like tributyl citrate which is used as a solvent in plastic industry. -

[V] Structure of Citric Acid %

(a) Molecular formula, The molecular formula of citric acid is CgHgO5. _

{b) Presence of three carboxylic groups. Formation of three series of salts and esters indicates
that citric acid has three carboxyl groups. Since CO, is not lost on heating, so three —COOH groups
must be present on three different carbon atoms.

(c) Presence and position of one hydroxyl group. Citric acid forms monoacetyl derivative
with acetyl chloride which shows the presence of only one —OH group. ’

(d) Probable structure. In view of the above facts, citric acid may have any of the following
structures :

H ’ H
T |
HO-?“—COOH H—C°—COOH
l
H—CP—COOH HO—CP—COOH
H~C"—COOH H—C'—COOH
| I
H H
1 I
{QOH group altached to {(—OH group attached to
o~ carbon atom) B-carbon atom)

(e) Citric acid on heating yields aconitic acid, the formation of which can be explained by
both the structures I and 11. However. the formation of acetone dicarboxylic acid, by heating citric

acid with fuming H,SO4 can be explained only by structure I1.
: ' CH,COOH

l

Hence, the structure of citric acid may be written as HO—C—COOH

) CH,COCH
(f) This structure has also been confirmed by its synthesis as mentioned before.

e 2.7. AROMATIC CARBOXYLIC ACIDS

Introduction P

Aromatic carboxylic acids are obtained by the réb‘tug:ment of one or more hydrogen atoms
of benzene nucleus by carboxylic (—COOH) groups. The OOH group may be present in the
nucleus or in the side chain.

(a) —COOH group in the nucleus : In these compounds, —COOH group is attached
directly to the benzene nucleus. The acids may be mona basic, dibasic or tribasic depending upon
the number of —COOH groups present. Besides this, other groups may also be present in the
benzene nucleus. -

COOH
\ COOH OH @:NOZ @NHJ
O @: COOH @ COCH COOH CCOH
Benzoic acid Phthalic ncid Salicylic acid o-Nitrabenzoic acid Anthranilic acid

(o-Hydroxy benzoic acid) (o-Amino benzoic acid)
(b) —COOH group in the side chain : In these compounds, —COOH groups are present

CH,COOH CH=CHCOOQOH

Phenyl acetic acid Cinpamic acid



» 2.8. BENZOIC ACID

[V} Preparation
(i) Benzoic acid is prepared by the oxidation of aromatic compounds containing aliphatic side
chains with alkaline KMnO, or dil. HNO; or K;Cr,O; and dil. H,S0,
CH; COOH

|
Alkaline XMnOy, ,

(0]

Tolucne Benzoic acid
CH,Cl CQOH
@ — @
Benzyl chloride Benzoic acid
CH,0H COOH
@ — @
Benzyl alcahol . Benzoic scid
CH—'CHZ COOH
@ —— @
Benzoic acid

(ii} Benzoic acid is p;eparcd by the hydrolysis of cyanobenzene.
S COOH

. Dil. acid
+ 2H20 _— + NH3 y

(iif) Benzoic acid is prepared by the bydrolysis of benzotrichloride with Ca{OH), in the
presence of iron powder. (Mamufacture),

CcCl C  C(oH), COOH
' " C(OH
O e O e ©
Fc catalyst, =3HCI —HZO
Benzo trichloride ' Unstable Benzoic acid

(iv) Benzoic acid is prepared by the hydrolysis of benzoyl chloride obtained by the action of
carbonyl chloride on benzene in the presence of anhydrous AlCl;.

: cocCl " COOH
: Anhydrous AICI; - H0
' + Coch, “HCL @ -HCI
- Benzayl chloride Benzoic acid

(¥) Benzoic ‘acid is prepared by the hydrolysis of compound obtained by the reaction of
CO, on phenyl magnesium bromide (Grignard's reagent).

H "OH H,0
CsHsMgBr + 0=C=0 —— O0=C—0 [-MgBr = -
Pheny! magnesium Hydsolysis
bromide C6H5,
OH
O=C—0OH + M
| ™~ Br

CeHs

Benzeic acid

Carboxvlic Acids
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(vi) Benzoic acid i is prepared by the action of dil. HCI on sodium benzoate obtained by the
action of conc. NaOH on benzaldehyde.

CHO CHZDH COONa
2 + NaOH —»
Conc,
Benzyl Sodium
alcohol benzoate
COONa COOH )
@ + HCl —» @ + NaCl
Sodium benzoate Benzoic acid

[If] Physical Properties

Benzoic acid is a white crystalline solid, M.Pt. 122°C. Tt sublimes even before its melting
point. It is sparingly soluble in cold water, but is soluble in hot water, alcohol and ether.
[161] Chemical Properties

(1} Reactions Due t0 —COOGH Group
(£} Action with alkahes Benzoic acid reacts with alkalies to form salts.
COOH COONa

+ NaOH —» @ + H,0

Sodium benzoate
(i) Action with NH, : Ammonium benzoate is formed which on heating forms benzamide.

COOH COONH, CONH,
Hcat
Benzoic acid Ammonium benzoate Benzamide
(iii) Action with carbonate salts : Benzoic acid decomposes carbonate salts to form CO;.
COOH COONa ,
+ NaHCO, — @ + H,0 + CO,T
Benzote acid Sodjum benzoate
COOH COONa
2 + NaCQy —» 2 + H,0 + CO,t

(¢v} Action with alcohol :  Ester is formed. .
COOH COOC,H;

Conc. H,80,
+ CszOH — +\ H20

Benzoic acid Ethyl benzoale

(v) Action with PCls : Benzoyl chloride is formed.
COCH COCl1

+ PCIS —_— + POCI3 + HCI

Benzoic acid Benzoyl chloride

(vi} Dehydration : On heating benzoic acid with acetic anhydride, beazoic anhydride is
formed.

{CeHsCOL0
Benzoic anhydride

2CH;COOH ——



(vii) Decarboxylation : On heating with soda lime, benzoic acid forms benzene.
COCH COONa

NaClH NaOH
@ =T @ @ ’ Na2C03

Benzoic acid Sodium benzoate Benzene
(viii) Reduction : On reduction with LiAlH,, benzoic acid forms benzyl alcohol.
COOH CH,0H

iAIH,

+ 4H + H0

Benzoic acid Benzyl alcahol

(ix) Schmidt reaction : The solution of benzoic acid in H,SO, reacts with hydrazoic acid
in CHClI, to form anitine.

COOH NH,
+ NsH — @ + CO;, + Ny
Hydrazoic acid
Benzoic acid {Solution in Aniline
(Solution in CHCly)
conc. HySO,)

(2) Reactions Due to Benzene Nucleus

The directive influence of —COOH group is meta directing. Hence, on halogenatton, nitration
and sulphonation, benzoic acid gives meta substituted derivatives as shown below.

(a) Halogenation :

COOH COQH
+ Br, £, + HBr
Br
Benzoic acid m-Bromodenzoic acid
(b) Nitration :
COOH COCH

Conc. Hz804, A

+ Conc. HNO4 ™
—Hy

NO,
Benzoic acid : m-Nitrebenzoic acid
{c) Sulphonation :
COOH COOH

+ H80, 20, @
Fuming SO;H

Benzoic m-sulphonic acid
[IV] Uses

(i) Sodium benzoate is used in the preservation of food stuffs.

(if) Benzoic acid and some of its compounds are used in the form of medicines.

(iii) Benzoic acid is used in the formation of aniline biue dye and its esters are used in the
formation of perfumes.

‘ v

+ 2.9. CONVERSIONS OF BENZOIC ACID

(i) Benzophenone

2CHsCOOH + Ca(OH), ————=—> (CeH;CO0),Ca— 2% CEH;COCqH,

—2H0 Calcium benzoate 3 Benzophenone
(ii) Acetophenone
(i) 2CH;COOH +Ca (OH), —— (CeH;COO),Ca + 2H,0

Calcium benzoale

Carboxylic Acids
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(C6H5C00)2Ca +(CH{CO0),Ca ——2C H;COCH,8 + 2CaCO,

Calcium acetate Ace[ophcnon:
COOH CUUNa
0O =0 =0
—NagOCt;
- Benzoic acid " Sodium benzoate Benzene
COCH,
CH,COCl1
Anhy. AICI;
-HC1
Acetophennne
(i) Aniline
COOH . CONH,
0 © = @ @
Beazoic scid Ammonium benzoate
| NH,
Br, + XOH
Hofmann
bromamide
Aniline resction
COOH T "NH, ’ ’
G @ + NE S @ + €O + Ny
Hydmzoic &id
Benzoic acid (Solution in Aniline
(Solationin ~ ~  CHCl)

conc. H,80,)

(iv) Benzonltrlle and phenyl acetic acid :

COOH
@ @ ons @ N+ Adeokiol
———p
—IHIO 4H
(Reduction)
Benzoic acid Cyanobenzene
benmatr. (Benzonitrile)
CH;NH; ' CH,0H CH,CI
‘ -H;D -Nz @ -POCI,,—HC[
‘Benzylamine Benzyl alcohol . Benzyl chloride ;
(IZH;CN o . CH,CCOH
Xon @ Hydrolysis
-KCl ' Dil. acid
Benzy! cyanide Phenyl ncetic acid

. 2.10. EXPLANATION OF FACTS

{i} p-Nitrobenzoic acid is stronger than m-hitrobenzoic acid. Why ?

The effect of substitutents on the acidic character of carboxylic acids can be explained on
the basis of combinad effects of resonance ‘and inductive effects. Both these effects work when
substitutents are present in the o- and p-positions of carboxylic group, whereas oy inductive effect
works when substituents are present in the meta position.

* S0, p-nitrobenzoic acid is stronger, than m-nitrobenzoic acid. This is due to the inductive and
resonance effects of electron attracting nitro group which increases the stability of nitrobenzoate

ion. As a result, the proton is easily removed from carboxylic acid, In the case of m-nitrobenzoic



acid, the increase in the ‘stability of nitfobenzoate ion is only due to the inductive effect of electron
attracting nitro group. As a result of this the proton is not so easily removed.
(ii} p-Nitrobenzoic acid is stronger than benzoic acid, why ?

The acidic nature of carboxylic acids ts due to their tendency to give proton in solution and
stability of carboxylate ion due 1o resonance.

0 o o
[ I _ I
CeHs—C—OH — {CeHs—C—0 ¢—— CgHs—C =0} + H*
p-Nitrobenzoic acid is stronger than benzoic acid. This is due to the inductive and resonance

effects of electron attracting nitro group which increase the stability of nitrobenzoate ion. As a result,
the proton is easily removed from carboxylic acid.

* 2.11. SALICYLIC ACID

[1] Preparation

{i) From Kolbe-Schmidt reaction: Sodium sadt of phenol reacts with CO;, at 8 atmospheric
pressure and at 140°C to.form sodium salicylate which reacts with dil. acid to form salicylic acid.
{(Manufacture).

ONa QCOONa
+ CO, 140°C [ntramolecular
8 atmospheric reafrangement
. pressure
Sodium Sodium pheny!
phenoxide - carbonate
OH - ) OH
COONa Dil. ;504 COOH
-NaHSO,
Sodium salicylate Salicylic acid

(ii) From Reimer-Tiemann reaction : Phenol reacts with CCl, at 60°C in presence of
NaOH to give a product which when acidified gives salicylic acid as the main product.. .

OH oH
. COOH
+ 0, + 4NaoH 5 4 4NaC] + 2H,0

Phenol Salicylic acid
(iii) From o-nitrotoluene '
NO; O, : NH,
COOH -COOH
Allcalmc Sm‘HCl
KMn04
—2H20
o-Nitrotoluene o0-Niwo benzoic o-Aminobenzoic acid
acid (Anthranilic acid)
N,Cl - ‘
COOH COOH
Hzo NaNO, + HC!
0-5°C
Salicylic acid a-Carboxy benzene . :

diazonium chlorids
(iv) Salicylic acid is prepared by the oxidation of salicylatdehyde with alkaline KMnO,.

OH . OH
C.HO Alkaline KMnO, coox
—
: 0] .

Salicylaldehyde Salicylic acid

Carboxylic Acids
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| [} Chemiecal Properties

Salicylic acid contains both phenolic (~—~OH) and carboxylic (—COOH) groups. Hence, it
shows the properties of both phenol and benzoic acid.

(1) Comparison of Properties of Phenol and Salicylic Acid (Reactions due to —OH group)

(i} Action with FeCly solution : The aqueous solution of salicylic acid gives violet solution
with 1% FeCl, solution.
/OH 0

6CsH, +FeCl, — cém<
\SCOOH

COOH

Violet solution

3—
J Fe | +3H +3HCI
s

(ii} Action with zinc dust ;: Benzoic acid is formed,

OH
COQH COOH
+ Zn ~—» @/ + ZnO

Salicylic acid Benzoic ecid
(iii) Acetylation : Salicylic acid reacts with acetyl chloride or acetic anhydride to form acety!
salicylic acid (aspirin).

OH OCOCH,
COOH COOH
+ (CH3C0),0 — + CH,COOH
Salicylic acid Aspirin
OH OCOCH,

COOH . COOH ST
+ CHyCOCl — + HCl
: Aspirio

{iv) Coupling reaction : Salicylic acid reacts with diazonium salts to form azo dyes.

(O (O)—on ﬂ;ﬂ’
Benzene diazonium chloride COOH

Salicytic acid
©r—s-Q»
COOH
3-Carboxy—-4-hydroxy azobenzenc

(2) C;)rm[iaﬁson of Properties of Salicylic Acid and Benzoic Acid (Reactions due to

—COOH group)

() Salt formation : Salicylic acid reacts with NaHCO; and Na,CO; to form salt.

OH OH
COOH : COONa
+ NaHCO; ——» + H,0 + Co, T
. ’ Sodium salicylate
OH OH
COOH : COONa
2 + Na,CO; ——> 2 + H,0 + CO, T
Sodium salicylate

(ii) Ester formation : Salicylic acid reacts with alcohol in the presence of conc. H,SO4 to
form ester.



OH OH

COOH e . COOCH;,
onc. '
+ CH;0H “ﬁ'zs—O:' . + H0
Salicylic acid Methy] salicylate

(Oil of winter green) .

(i) Effect of heat : On heating slowly, salicylic acid forms phenol.
OH OH

COOH

Slow beat + CO,

. Salicylic acid .
However, on heatmg salicylic acid at 200°C, pheny! salicylate { saiol} is formed,

2 — + H,0 +CO, T

Phenyl salicylate (Salol)
{(iv) Action with soda lime : Phenol is formed.
OH OH
COOH . o
+ Ca0 —— + CaCOy . '
Soda time . .
Phenol

(v) Action with phenol : Salicylic acid reacts with phenol at 120°C in the presence of
POCl, to give salol. )

OH
POC]

@/ + HO—@ : @ + HO
. 120°C

Salicylic acid Pheno! Salol

(3) Reactions Due to Both —OH and —COOH Groups
(i) Action with NaOH : Disodium salicylate is formed.
OH ONa

COOH COONa
+ 2NaOH —» + ZH,0

Disodium salicylate
(it} Action with PCls : o-Chlorobenzoyl chloride is formed.

OH cl
COOH coci
+ 2PCly — _+ 2POCHL, + 2HCI

o~Chlorobenzoyl
chloride

(4) Reactions Due to Benzene Nucleus
(i) Halogenation ; Salicylic acid reacts with Bromine water to give a whltc precipitate of
2, 4, 6 tribromophenol.
OH OH

COQH Br Br
+ 3Br, —» + 3HBr + CO,

Br
2, 4, 6-Tribromophenol

(&) Nitration : Salicylic acid reacts with fuming nitric acid to form 2, 4, 6 trinitrophenol
{picric acid). '
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OH

OH
COOH O;N NO,
+ 3HNO; —» + 3H;0 + CO,
Fuming
. NO,

°3 . Picric acid
(iii) Reduction ; On Reducing salicylic acid with sodium and iso-pentyl alcohol, pimelic
acid is formed. '

@[COOH

CH;

N
O: (I!:Hz ?=0
CH CHCOOH
COOH 2
{Enolic form) N .
CH,

Keto form
CH,

po CH, COOH
. [
CH, CH,COOH
N
CH,

Pimelic acid

The above comparison of properties show that salicylic acid combines the properties of phenol
and benzoic acid. '
[NI] Uses

The most 1mp0rtant use of salicylic acid is in the preparation of medicines, e.g.,

(i) As a germicide in skin diseases.

(ii) Aspirin is used as pain killer.

(iit) Salol is used in tooth pastes.

(iv) Sodium salicylate is used in gout diseases.

(v) Qil of winter green is used in medicines and in perfumes.

(vi) In the preparation of azo dyes.
[IV] Structure Of Salicylic Acid

(i) Molecular formula : The elementary analysis and molecular weight determination shows
that the molecular formula of salicylic acid is C7HgO4.

(ii) Presence of —OH group : This fact is indicated from the following reactions :

(a) The aqueous solution of salicylic acid reacts with 1% FeCl, solution to give violet solution.

(b) Salicylic acid reacts with acetic anhydride or acetyl chloride to form acetyl derivative.

CsH50, (OH) + CH3COC1 —— C;H;0,(0OCOCH;) + HCI
Acetyl salicylic acid
(c) Salicylic acid gives phenol on slow heating.

OH
CH,0,{OH) ——¥beat @ + COy

Phenol
These reactions show that salicylic.acid is a phenolic compound.
(iii) Presence of —COOH group : This fact is indicated from the following reactions :
(a) Salicylic acid reacts with sodium bicarbonate to give effervescence.
C¢Hy{OH) (COOH) + NaHCO; —— CgHy (OH} (COONa)

Sodium salicylate

+H,0+CO, T
(b) Salicylic acid reacts with alcohol in presence of conc. H;SOy4 to form ester.

CgH, (OH) (COOH) + CH;OH ——0——> C¢H, (OH) (COOCH3)

Methyl salicylate
(¢) Salicylic acid reacts with zinc dust to form benzoic acid.
C¢H, (OH) (COOH) + Zn —~— C4H;COOH +ZnO

Benzoic acid



These reactions show that salicylic acid is a phenolic acid.
(iv) Relative position of —OH and —COOH groups :
(a) Salicylic acid reacts with PCls to form o-chloro benzoyl chloride.

C,HS(OH)(COOH)+2PC15 —r @[ + 21’0c13 + 2HCI
coci

o-Chloro benzoyl
' choride

'This shows that both —OH and —COOH groups are present in o-positions.
On the basis of the above facts, salicylic acid can be assigned the following structure :

QL.
COOH
Salicylic acid
. (o-Hydroxy benzoic acid)
(v) Confirmation : The above structure of salicylic acid is confirmead by its synthesis from

o-aminobenzoic acid.
@[ NH; NaNO, + HC! @ N,Cl
cooy  Duseston COOH

o-Amino benzoic * o-Carboxy benzene

acid diazonium chloride
{Anthranilic acid})
1o OH
Boil
COOH
Salicylic acid

* 2.12. ANTHRANILIC ACID

[1] Preparation _
(¢} From o-nitro benzoic acid ; Anthranilic acid is prepared by reducing o-nitrobenzoic acid

with Sn and HCI.
- NO,
@[ + g SerECL, @[ + 2,0
COOH . COOH

o-Nitro benzoic acid o-Amino benzoic acid
(ii) From phthallc acid : Anthranilic acid can be prepared from phthallc acid in the following

stages.
@: COOH @[CO\ NH3 CO\
COOH 0" co/

Phthalic acid Phthalic anhydride Phthalimide
NH, Br, + KOH CONH, H;0 l
Hoffreann [N=OH]
COOH  yromamide COOH
Anthranilic acid reaction Phthalamic acid

[] Physical Properties

Anthranitic acid is a white solid, M. Pt. 145°C. It is soluble in water, alcohol and ether. It
behaves as an acid and an amine.
{Ill] Chemical Properties

(1) Reaction Due to —COOH Group
(a) Salt formatlon Anthranilic acid forms salts with alkalies like NaOH, NaHCO; etc.

NH,
@[ + NaQH ——» @[ + H,0
COOH COONa

Anthranilic acid Sodium anthranilate

NH,
COOH COONa

Anthranilic acid Sodium anthranilate

Carboxylic Acids
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(b) Esterification : Anthranilic acid reacts with ethanol to form ethyl anthranilate (ester).

NH, . NH, .
@[ + CHLO0B —> + H,0
COOH COOC,Hs

Ethyl anthrenilate
(c) Decarboxylation : On decarboxylation with NaGH, anthranilic acid forms aniline.

NH, ’ NH,
@ + IN20H &9 @/ + Na,CO; + H,0
COOH

. Aaniline
(2) Reactions Due to NH; Group :
.{a) Acetylation : Anthramilic acid reacts with CH,COC! to form acety} anthranilic acid.

NH, NHCOCH,
@: + CH;COCl —— + HCl
COOH  Accty! chloride COOH

Anthranilic acid Acetyl anthranilic acid

(b) Diazotization :

NH, NaNO, + HC N;Ct
+ HNO, + HCI _-—F + 2H,0
COOH - & COOH
o-Carboxy benzenc

diazonium chloride
{c) Carbylamine reaction : When anthranilic acid is treated with chloroform and alc. KOH,

isocyanobenzoic acid is formed.

NH, NC
@[ + CHCl; + 3KOH —— @ + 3KC! + 3H,0
COOH (Alcoholic) COOH

o-Isocyanabenzoic

acid
[iV] Uses
Anthranilic acid is used in the synthesis of dyes. lts ester methyl anthralinate is used in
perfumery.
*  SUMMARY

Aromatic acids are compounds in which one or more carboxylic groups (-COOH) are attached
directly to the aromatic ring, e.g.,

COOH COOH COOH
: COOH
Benzoic acid Salicylic acid Anthranilic acid Phthalic acid

The simplest aromatic carboxylic acid is benzoic acid.
The benzene ring of benzoic acid undergoes the usual electrophilic substitution reactions. The
—COQH group is a mera director and deactivating, e.g.,

COOH COOH

HNO,

Hy80, N 02

Benzoic acid m-Nitrobenzoic acid
Carboxylic acids undergo esterification when treated with an alcohol.
Tartaric acid is a dihydroxy succinic acid.
Mixture of atkaline H;G, and FeSGQy is known as Fenton’s reageant.
Citiic acid has three carboxylic groups and one hydroxyl group.
Aspirin is acetylsalicylic acid and is obtained by heating salicylic acid with acetyi chloride or
acetic anhydride in the presence of phosphoric acid. It is a pain killer.



COOH cCooH ©O

[
OlH fl) ‘”) O—C—NH;
+CHy—C —CH, ——*

Salicylic scid Actlic anhydride Acctylaalicytic wid
{Aspirin)

Oil of winter green or methyl salicylate is prepared by esterifying salicylic acid with methanol
in the presence of H,SOy.

OH OH
@‘ﬁ) 030 @ﬁ) +H,0.
C—OH + HOCH, C—OCH,

Salicylic acid Methyl salicylate .
Methyl salicylate is a pleasant smelling liquid and is used in hair tonics and ointments for
treating aches, sprains and bruises. )
Salol (phenyl salicylate) is obtained by heating salicylic acid with phenol in the presence of

POCl,.
OH 0oH
©F e (O e
C—OH + HOC Hs C—OCHs

Salicylic acid Phenol —-- — . Phenyl salicylate (Ssol}
Salol is a colaurless solid and is used as an antiseptic.
Anthranilic acid is thesrtho isomer of aminobenzoic acid.
Anthranilic acid is a colourless solid and is used in the synthesis of dyes.

STUDENT ACTIVITY

Discuss the acidity of carboxylic acids,

How wiil you synthesise benzamide from benzoic acid ?

How is salicylic acid prepared from phenol ?

Write two important properties of benzoic acid with reactions.

Explain why nitration of benzoic acid gives m-nitrobenzoic acid 7

Carboxylic Acids
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11 st

7. What happens when benzoic acid is heated with soda lime ?

8. How will you prepare benzyl alcohol from benzoic acid ?

9,  Write the preparation of anthranilic acid ?

10. How is oil of writer green and salol prepared from salicylic acid 7 Give reactions also.

* TEST YOURSELF

Answer the following questions :

1. Describe the general methods of preparation of carboxylic acids.

2.  Describe the general properties of carboxylic acids.

3. Describe the mechanism of esterification of carboxylic acids.

4.  Write a short note on Hell-Volhard-Zelinsky reaction.

5. Describe the acidity of carboxylic acids.

6. Mention of effect of substituents on acidity and give the retative acidity for carboxylic acids.

7. Explain why trichloroacetic acid is a stronger acid than acetic acid ?
H 8. Arange the following compounds in the increasing order of their acid strength
! CICH2COOH, BrCH>COOH, CNCH2COOH. CH3COOH and CH3CH2CH2COOH.

9, How is tartaric acid prepared ?

10. Mention the properties and uses of tartaric acid.

11, How will you show that tartaric acid is a dihydroxy succinic acid ?

12, What happens when ?

(i) Tartaric acid is treated with Tollen’s reagent.
(ii) Tartaric acid is treated with Fenton’s reagent.
(iii) Tartaric acid is heated alone.
13. What is Fenton’s reagent ?
14. How is citric acid prepared 7
15. Give the important properties and uses of citric acid.
16. What is the action of heat on citric acid ?
17. Write the preparation of aconitic acid from citric acid ?
18. Show that citric acid behaves as an o-hydroxy acid as well as B-hydroxy acid.
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19.
20.
T 2L
22,
23.
24,
25.
26.

27.
28.
29.
30.
3.
32.

33.
34,
3s.
36.
37.
38.
39,

41,

42.

43.

44.

45.

46.

47.

49.

How will you show that tartaric acid contains two carboxylic and two hydroxyl groups ?
Show that citric acid contains three carboxylic and one hydroxyl.group.

What is the actien of heat on &,  and y-hydroxy acids ?

Describe the distinction between tartaric acid and citric acid.

What are aromatic carboxylic acids ? '

Describe the preparation of benzoic acid.

Mention the important properties of benzoic acid.

Starting from benzoic acid, how will you prepare the following compounds ?

(i} Benzamide (it) Benzene (iii) Benzoic anhydride

(iv) Benzophenone {v) Acetophenone (vi) Anifine

(viii) Phenyl acetic acid  (viit) Ethyl benzoate

Explain why p-nitrobenzoic acid is stronger than benzoic acid ?

How is salicylic acid prepared ?
Describe the properties and uses of salicylic acid.
Describe the preparation of methy! salicylate.
Shaw how salicylic acid combines the properties of phenol and benzoic acid ?
How will you obtain the following compounds from salicylic acid 7

(i) Aspirin (ii) Salo! (iii) Phenol (iv) Benzoic acid

(v)-Qil of winter green - -

Describe the preparation of anthranilic acid.

Describe the properties of anthranilic acid.

How will you distinguish between cinnamic acid and benzoic acid ?

How will you distinguisk between salicylic acid and benzoic acid ?

How will you distinguish between salicylic acid and phenol ?

Starting from benzoic acid. how will you obtaia the following compounds ?

(i) Phenol (i1} Benzonitrile (iii) Benzyl alcohol

Discuss the structure of citric acid.

Discuss the structure of salicylic acid.

Which of the following compound is most acidic ?

(1) CH;—CH,—COOH (i) Br—CH,—CH,—COOH

(iit) CH;—CH(Br)—COOH (iv) CH3;—CH(F)—COOQOH

Which of the following is the strongest acid in aqueous solution ?

(i) CH;COOH (ii) CICH,COOH (iii) CH;CH,COOH  (iv) CL,CHCOOH
Which of the following compound on treatment with NaHCQO3 will give CO3 ?
(i) Ethylamine (ii) Acetone (iii) Methanol (iv) Acetic acid
Which of the following compound will not give benzoic acid with KMnO3/0H ?

CH;

!
(i) CHCH(CH,), (i) CeHsCH,0H (iit) CHs—C—CH,0H (iv) CH,—CH—COOH
| |

CH; CH,
Acid can be reduced with :
(i) CHaLi (ii) LiAIH, (iii) Al/P (iv) All of these
Ap,0
In the given reaction, CH,CH,COOH '-—EZK—) {X]

[X] will be : '

(i) Ethyl bromide (i) Propy! bromide  (iii) Propyl propanoate (iv) Ethyl propanoate
Which one of the following compounds will give HVZ reaction ?

(i) 2-Methy! propanoic acid (ii) Benzoic acid

(iil) Formic acid (iv) 2, 2-Dimethy!lpropanoic acid

Salicyclic acid reacts with sodium bicarbonate to form :

COONa COOH
oI oL,
ONa ) ONa
COONa -
© @ (@) CgH;ONa
OH

Using the given code, arrange the following carboxylic acids in decreasing order of acidity :

Carboxylic Acids
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CH,EH,C@O0H CICH,CH,COOH
| R I}

CH,CH,CHCOOH CH,CH,CHCOOH ’
| |
Cl F
IiL v

(()IVo>M>II>1
GVIIV>II>TM>1 '

DU>I>M>1V
()UI>IV>O>1
50. Predict the product(s) of the reaction :
: () LIAIH /7 THE
CH,COCOOH ———— e,
(i) H;0"
OH’

|
(i) CH,.CHOHCH;

(i) CH;CHOHCH,0H
(iv) CH:CH,CH,0H

(iiiy CH,FCHOHCH,0H
51. Fill in the blanks :

{i) When tartaric acid is oxidised with nitric acid, ........... is formed.

(ii} Cyclohexanone when oxidised by HNO; gives ....... .

(iif) The characteristic reaction of carboxylic acid is ........... substitution.

(iv) Carboxylic acid are .......... acidic than alcohols,

(v) The product (A) in the reaction, propionic acid + SOCl, = (A), 15 e,

. ANSWERS

21. o-Hydroxy acids form an intermolecular cyclic diester called a lactide. They do so by reaction

between OH of one molecule with COOH group of the second molecule.

O 0 -
J
< N A ~ ~
CH;CH CHCH; —=—> CH,CH CHCH,
‘\ -OH i v 2H,0 ~N ﬁ_C‘/
O O
Lactide

Lactides when boiled with water give back o-hydroxy acid.
B-Hydroxy acids dehydrate by splitting out OH and H from adjacent carbon atoms, forming

unsaturated acids.
OH H

| | H
CH;CH—CH—COOH ——— CH;CH==CH—COOH + H,0
4

Crotonic acid
B~Hydroxybutyric acid

A
HOCH,CH,COOH ——— CH,=CHCOOH +H,0
Hydracrylic acid Acrylic acid
v-Hydroxy acids form intemal esters known as lactones. The COOH at one end of the

molecule reacts with OH on the other to form 5-membered cyclic ester, i.e., Y-lactones.

@)
i y  CH—CH, ~
CH,CH,CH,~C—0H — | /C =0 +H;0
I - CH,—O
OH
¥-Hydroxybutyric acid ¥-Lactone
22.
Property Tartaric acid Citric acid
(. |M. PL 171° 100°
2. |Optical rotation Exhibits oplical activity Does not exhibit optical activity
3. ]Action of HI Forms succinic acid Forms tricarballylic acid
4. |Action of conc. HySO, Forms CO, CO,, SOy HyO Forms CO, HyO and acclone
dicarboxylic acid
5. [Treatment with Tollen’s reagent  |Silver mirror is formed Does not give silver mirror.
{ammenical silver pitrate solution)




35.

4. Action with soda lime,

COOH

Soda
T
lime

©

Property Benzoic acid Cinnamic acid
1. Melting point 122°C 133°C o _
2. Action with Br. No reaction. It decolourizes the colour of Bry water.
: CH=CHCOOH
+Br,—»
CHBr—CHBr-—COOH
Dibromocinnamic acid
b 3. Action with alkaline KMnQy4. |No reaction.

It decolourizes the colour of alkaline KMnQO,.

CH=CHCOCH

Alkaline
+H,0 +[0] —‘-?-

CHOHCHOHCOOH

B-Phenyl glyceric acid

Benzene is formed. | Styrene is formed.

CH=—CHCOOH CH=CH;,

i
Styrene

36.

Property

Salicylic acid

Benzoic acid

[. M. Pt

3. Action with soda lime.

4. Action with CH;COCI

2. Action of FeCl3l solution.

156°C

Gives violet colour.

Phenol is formed.
OH .

COOH
+CaQ —»

OH

+ CaC03

Phenol

Acetyl salicylic acid (aspirin) is
formed.

OH N

COOH
° + CH;COCl -

OCOCH,

COCH
: + HCI

Acetyl salicylic acid

122°C

Benzene is formed.

COOH

Soda lime @
S ———

No reaction,

Neutral solution gives buff precipisate.

Carboxylic Acids
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5. Action with CH;0H and  |Methy! salicylate is obtained which Methyl benzoate is obtained which
few drops of conc. H;8O4 |has smell of oil of winter green. has no such smcll.
CH COOH
COOH CH:0H + CH;0H
Salicyclicacid QX COOCH;
Conc. H3804

Cone. Hy50, COOCH;3 -H0

-H0 Mcthy! benzoate
Methyl salicylate
37.
Property Salicylic acid Phenol

L. Physical swatc

2.  Melting point
3. Smeil '

Hot aq. solution + solid
NzHCO; .

5. Action of CH30H and few
drops of conc. HySOy

Colourless crystalline solid,

156°C

Gives effervescence
- OH

COOH
+NaHCO,

OH
@ COONa
—_—

Sodium salicylate
+ H0 + COzf

Methyl salicylate is obtained

which has a simcll of oil of winter

green.
OH
COOH
+ CH,0H
OH
Conc. Hy504 COOCH3
-HyO
" “Methyl salicylate

Colourless sokid when pure but
turns pink in air and light due
to axidalion,

42°C
Characteristic phenolic smell

No reaction.

No rcaction.

38. (i)} Phenol form benzoic acid.
COOH

§o

f{20 + Boil
“Haw, +

Soda lime
[NaOH+Ca0]

©

NaN’Oz + HCl
(}-5 °C

N,Cl

O

Benzene
diazonjum
chloride

Cone. HNG,
Conc. H;50,, 60°C

Nitrobenzene

o]

Sm’HCI

©

Aniline

(ii) Benzonitrile and benzyl alcohol from benzoic acid.




COOH COONH, ~oN
NH P40
9 = 0O % O
Ammonium Beénzanitrile
benzoate (Cyanoberzene)
CH,0H CH,NH;
HNO, Na/Alcohol l .
“S4.0. N, 4 (H]
Benzyl Benzyl
akcohal amine
41, (iv) 42. (iv) 43, (iv) 4. (iii) 4S. (iv) 46, (i)
47,  (iii) 48. (iD) 49. (i) 50. (iv)
5k, (i) oxalic acid (i1) adipic acid (iii) nucleophilic
{iv) more (v) CH,CH,COClI

Q0

yoa

2
e

Carboxyiic Acids
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UNIT

3

ORGANOMETALLIC COMPOUNDS AND
AROMATIC SULPHONIC COMPOUNDS

STRUCTUHE1

Organometailic Compounds

Grignard's Reagents

Organolithium Compounds

Organosulphur Compounds

Preparation of sulphonall -

Aromatic Sulphonic Compounds
_ Saccharin

Chioramine-T

0 Summary

O Student Activity

a Test Yourself

* 3.1. ORGANO METALLIC COMPOUNDS

Organic compounds in which a meta! atom is directly linked to carbon aré generally known
as organometallic compounds. The term metal generally includes elements less electronegative
than carbon. Thus, the definition also includes the derivatives of non-metals such as boron, silicon
and derivatives of metalloids such as germanium, arsenic and antimony. In other words,
organometallic compounds are those in which an arganic group is attached through carbon 10 an
atom which is less electronegative than carbon.

. CgHsMgBI' Cij—Z““_C.?HS
Ethyl magnesium bromide Dicthylzine
Czl'Is——Ll (C2H5)4Pb (CzI‘lS}QHE (CHQ)’; As !
Ethytfithiom Tetraethyl fead Diethytnercury Trimethylarsenic

Compounds like calcium oxalate (CaC,Qy4) and magnesium acetate Mg(CH;COQ), are not
organometallic compounds as the metal is directly attached to oxygen atom and not to carbon atom.

0
]cl'__o CH-iEI o)
L
| >Ca / \
G0 chg—c—o/
I
0

Magnesium acetate

¢ 3.2. GRIGNARD’S REAGENTS

The organometallic compounds of magnesium are known as Grignard’s reagents. Victor
Grignard, a French chemist in 1900 discovered that magnesium metal reacts with alkyl halides in

-presence of dry ether and form alkyl magnesium halides (R—Mg—X) which remain dissolved n

ether. They were later on named as Grignard's reagents after the name of its discoverer Grignard.
The Grignard reagents have the general formula R—Mg—X, where, R = alkyl
(CHj3, CyHs, C3H; etc.) or aryl (CgHs) radical and X = Cl, Bror I, e.g.,



CH;—Mgl
Methyl magnesium iodide
(1] Method of Preparation
The Grignard reagents are prepared by the action of alky! halides on magnesium in presence
of dry ether.,

C 2H 5——MgB T

Ethyl magncsium bromide

Refl
R—X + Mg ———3 R—Mg—X
Ether

Reflux
" CHjl + Mg ——— CHyMgl
Mcthyl magnestuin iodide

CoHgBe+ Mg ™, ¢, HMgBr
Ethyl magnesium bromide

Alkyl iodides are more reactive than bromides. which are in tum more reactive than chlorides.
Alkyt bromides are most suitable for the preparation of Grignard reagents.

In practice, a Grignard reagent is produced by dropping a solution of the alky] halide in dry
ether into the reaction flask containing magnesium ribbon suspended in dry ether. The ether solution
of the Grignard reagent thus obtained is used immediately in the flask in which it is prepared. Diethyt
ether plays two important roles.

(i) It provides a medium for the reaction, and

(ii) It dissolves the Grignard reagents through solvolysis (reaction with solvent).

(|32H5 (|32H5 C>H; CaHs 1|1 (|32Hs
:?:/“‘ Mgu:?z Solvolysis ., _._—n-l\'l)[g-c—-—:o:

! b |
CHs X C,Hs CyHs X C,Hs
Ether Grignard Ether

reagent

[I] Precautions

Before the preparation of Grignard reagents the following precautions are taken.

(1) There should be no naked flames anywhere in the vicinity, because diethyl ether is
inflammable and catches fire at once, ‘

(2) The apparatus used for the preparation of the Grignard reagents miust be completely dry
and pure, because the slightest traces of moisture will side track the main reaction,

(3) All the reagents used should be absolutely pure and dry. The reagents are purified and
dried as follows : .

(i) Magnesium : Magnesium ribbon is rubbec with sand paper to remove the film of oxide
and is then cut into small pieces. It is then washed with dry ether to remove grease and then dried
in an oven at 120°C, -

(ii) Ether : Ether is washed with water to remove

t Cotton
any alcohol and then dried over anhydrous caicium *— Stand CaCl, guard
chloride for 2-3 days to remove traces of alcohol and tube
moisture. It is then distilled over sodium and .
b : S » Alkyl halide
phosphorus penta-oxide to remove final traces of Water «—=]

alcohol and water. £
(iii) Afkyl halide : Alkyl halide is dried over M ———tp
anhydrous CaCl, ard then distilled over P,Os. g

[lil] Procedure

Condenser

Water

The apparatus in the preparation of Grignard’s I ii%giﬂ:?
reagentis shown in figure (1), Pure and dry magnesium H in ether

ribbon is cut into small pieces and suspended in pure
and dry ether contained in round bottom flask. It is
connected to a reflux condenser carrying a CaCl, tube
at the other end. A crystal of iodine (catalyst) is added
in the flask. It helps to start the reaction, but once the
reaction starts it is very vigorous and the flask is to be < —)
cooled. Alkyl halide is added from above after

Water bath

Fig. 1. Preparsation of Grignard’s reagent.

Organometallic Compounds and
Aromatic Sulphoniic Compounds
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removing CaCl, tube for a moment. When the reaction is complete, a clear solution of the Grignard’s
reagent in dry ether is obtained. This is then treated with various reagents to get the desired synthetic
products. -
[IV] Physical Properties

Grignard’s reagents are non-volatile, colourless solids. They are never isolated in the free state
on account of their explosive nature. Therefore, for synthetic purposes, the Grignard reagernits are
always prepared and used in ethereal solution.
[V] Chemica! Properties

The C-Mg bond in Grignard reagents is covalent but highly polar. The carbon atom is more
electronegative than magnesium. The electrons of the C-Mg bond are drawn towards the carbon
atom, As a result, the carbon atom has a partial negative charge and the magnesium atom has a
partial positive charge.

_&5— a3+ 8- o+
| «—MgX or R—MgX

The a)kyl groups in Grignard reagents being electron rich can act as carbanions or nuclesphiles.
They would attack polarised molecules at points of low electron density. Thus, the characteristic
reactions of Grignard reagents are (1) nucleophilic substitution or double decomposﬂmn V4]
nucleophilic addition reactions.

The Grignard reagents undergo substitution reactions by the following general mechanism.

R
-5 5 |-
R—Mg—X + > EQO ~—» >C—0—MgX
1|1
L X
e

[VI] Synthetic Importance
(1) Formation of alkanes : Grignard reagent reacts with compounds containing active
hydrogen atom, i.e., with water, aloohol amines etc. to form alkanes.

) o
—_—
=, s+

CH,; H|OC,Hs - OC,;H;

Mg + — Mg +CH,
| I
CH; H INHCH; /NHCHJ

N ~

(2) Formation of alkenes : Grignard reagent forms alkenes with unsaturated halide.

CHj,| Mgl +1 | -CH=~=CH, — CH;—CH=CH, + Mg,

+ CH4

Vinyl icdide Propene
CHyjMgl+1 H,—CH=CH, — CH;—CH,—CH~=CH, + Mgl,
Allyl iodide Butene- 1

(3) Formation of alkyl halides : Grignard reagent reacts with iodine to form alky! iodide.
R—Mgl+1, — R—I+Mgl,
CzHSMgl + 12 —_— C2H5——I + Mglz
Ethyl iodide v

{4) Formation of alcohols : All the three types of alcohols can be prepared by Gngnard

reagents.
(a) Primary alcokols : Grignard reagent reacts with dry O,, HCHO or ethylenc oxide to

give a compound which on hydrolysis gives primary alcohol.



(i) From oxygen . - ‘ .
' OoH

H| OH
H—OH
R—Mgl+ - 1 02 -_— R-—O—J—Mgl ——— R—OH +Mg /
Hydrolysis \ i
H| OH OH
| H—OH
C,HsMegl + é 03— CyHs—0--Mgl ——— CH,OH + Mg/
Hydrolysis bl alcohol N
(it) From formaldehyde :
H H
! ! } H OH H—OH /OH
R—Mgl + H—C=0 — H—C+0 Mgl ———R-CH,0H + Mg
| f Hydrolys.lspr. AN
R imary alcohol 1
H H
| | HOH , . _OH
CH3Mgl + H—C=0 —> H—C—0! Mgl ——— CH;——CH,0H + Mg
i Hydrolysis N I
CH,
{iii) From ethylene oxide :
CH, H|OH H
R—Mgl+] .30 — R—CHQ——CHQ-—O‘MgI _b—oR
CHq/ Hydrolysis
OH
R—CHy—CHy—OH + Mg<
Primary alcohol 1
|
~ CH H/OH h—oH
CHy—Mgl+] D0 — CH;—CHa-CHz—O}MgI N
CHz/  Hydsolysis

s OH
CH;—CH,—CH,0OH + Mg
Propanol-| S
{n-propyl alcohol)
(b) Secondary alcohols :  Grignard reagent reacts with aldehydes other than formaldehyde
or ethyl formate to give a compound which on hydrolysis gives secondary alcohol.
(i) From aldehydes other than formaldehyde : -
H H H
| | HIOH . . | _OH
R—Mgl +R—C=0 — R—C—0| Mgl ———> R—C—OH +Mg
] Hydrolysis [ \ I
R R
' Secondarty alcohol .
(a) Propanol-2 (Isopropyl alcohol)

H I|-l HIOH

i H—OH / OH
CH;Mgl + CH3—C=0 —— CH;—C—0 | Mg | T CH3;CHOHCH; + Mg
" Acetaldehyde | H Y Propanol-2
CHj (Isoprapy] alcohol)

(b) Butanol-2 (s-buryl alcohol)

H H
r | H{OH . .. /OH
CH‘;MgI + Csz——C——O _ C2H5_|C_O [ Mg I ——“—-—) CH;CHzCHOHCH} + MQ

CH Hydrolysi Butanol-2 I
3 (s-butyl alcohot)
(¢) Tertiary alcohols : Grignard reagent reacts with ketone, esters other than formlc ester ar
acid chloride to give a product which on hydrolysis gives lert:ary alcohol.

. QOrganomeraliic Compornds ond

Aromatic Sulphonic Compounds
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(i) From ketone :

‘R .| R
li{ ( H10H H—OH | OH
R—Mgl +R—C=0 —> R—C—0 | Mg [ ——— R—C-—OH+Mg{_
Ketone l|% Hydrolysis | -
Tertiary alcohol
| Hi CH H { Par
CH;Mgl + CH4—C=0 —» CH3_CI_O|I Mgl H_&W CHq-—(Ij-—OH + Mg\
ydrolysis
Acetone CH3 CH3
-Butyl alcohol
(Trimethyl carbinol)
Qr
2-Methyl propanol-2
“tif) me esters other than formic ester :
0 IOMgI .
- I
CH;Mgl + CH,—C—OC,H; — CHg—lC*OCsz
Ethyl acetate CH,;
|
HIOH
lo‘MgI - OH
CH,Mg! H—OH
— 2 CH;—C—CH3; ———— CH;—C~—CH,4
/OC‘;H.; | Hydmlysls
o CH OH CH
"Mg\l 3 «Mg/ 3

t-Butyl zlcchol

(5) Formation of thiealcohols : Grignard reagent reacts with sulphur and the product formed
on hydrolysis gwes thioalcohol {mercaptan).

H! OH
J
R—Mgl+S —> R—S4+-Mgl ——2 __, R SH
I Hydrolys% Thioalcohel or
ad mercaptan
\I
H} OH H—OH :
C,Hs—Mgl +S — CpHs—S1Mgl —————— C,H(SH
. | Hydrolysis .

Ok Ethancthiol
—Mg / (Ethyl mercaptan)

(6) Formation of aldehydes : Grignard reagent reacts with hydrogen cyanide, ethyl formate
or ethyl ortho formate to give a product which on hydrolysis gives aldehyde.
(i) From hydrogen cyunide :

0]
O H?JI H,0 [l OH
RMgl + H—-C=N —— H—C #=N| Mg1 H—C +NHq+Mg\
1|z | 4! OH Hydrolysis i
Aldehyde
| H 0
0 | Fa 2H,0. il /OH_

CH;Mgl + H—(C=N —— H—C =}=N ] Mgl ———— H—C +NH3+ Mg\
I

| I Hydrolysis
CH; H OH éuq

Acetaldchyde



(ii) From ethyl formate :

I P Met | | i
CH;Mgl + H—C—QC,H; — H—C 00 s ———— B-C '
Eth C.H '
y] formate CH; g /0 -Hs CH,
~ Acetaldchyde

(7) Formation of ketones : Ketones are obtained by the reaction of Grignard reagent with
alkyl cyanide, acid chloride, acetamide, acetic anhydride or ethyl acetate.
(i) From alkyl cyanide :

O | Hzr
R—Mgl + R—C==N — R—C =N |Mg] ——— R—C==0+NH; + M<O
i H IOH Hydm!ysw ]

Ketone

{a) Acetone :

0O | H2 | 2H.0
CH';MgI +CH3—C==N—) CH3-—C =FN {Mg —-—;—)
Methyl cyanide (l:HE H OH Hydrolysis .
3
| _ oH
CH;—C—0+ NH, + Mg¢”
l - N
CH;
Acetone
{Dimethy] ketone or propanone-2)
(b) Ethyl methyl ketone :
: O 'H2| 2H
CH;Mgl + C2H5—C__N—> CHs—C =N Mg
Ethyl cyanide C | H iOH Hydrolysis
OH
C)Hs—C=0 +NH3;+M
245 ] 3 E\
CH,

Ethy] methy] ketone
{Butanone-2)

(it} From acid chioride :

8] .0
I I /I
CH;Mgl + CH3—C—Cl —— CH;—C—CH; + Mg
Acetone \C]

(iii) From ethyl acetate :

' i 0
CH;Mgl + CHy—C—OC,Hg —» CHy —¢ e CH¢

~M
CH; , g\l CHy
{8) Formation of carboxylic acids : Grignard reagent reacts with solid CO, (dry ice) to
give a product which on hydrolysis gives carboxylic acid.

H!OH OH
H—CH
R—Mgl + 0=C=0 —> 0=C—0I|Mgl —— 0=C—0H +Mg/
f ! Hydrolysis | \I
R R

Carboxylic acid

Orgunomeiattic Compounds and
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(a) Acetic acid : .
‘ H|OH

’ H—OH /OH
CH;Mgl + O=C—O o O‘“—C—O ;Mg I ————— CH;COOH + Mg
| Hydrolysis \ .
Acetic acid I
CH; {Ethanoic acid)
(b) Propionic acid .
HIOH OH
H—OH
C,HsMgl +0=C=0 —-) 0=C—0 1Mg 1 -—T——->C2H5COOH + Mg/
1 Rydrolysis Propionic acid \I o
C.Hs ‘ (Propanoic acid}
{c) Isobutyric acid : o
H! OH —OH
CHq—(IfH—MgI +0=C=0 —> 0—(|3«—0 Mgl Hydrolysis
CH; ’ CH—CH;
. |
Isopropy] magnesium
iodide CH,
OH
CH;—CH—COOH + Mg/
| . \1
CH;

]sobutyriclncid
(2-Methyl propanoic acid) .
(9) Formation of esters ; Grignard reagent reacts with chloroformic ester to form ester.
{a) Ethyl acetate :
I
CH,Mgl + CICOOC,Hy — CH;COOC,Hs + Mg

Chloroformic Ethyl acetate ™~ Ci
ester

(10) Formation of ethers : Grignard reagent reacts with alcohol and alkyl halide,
respectively to form ether.

{a) Diethyl ether :
/OCsz C,Hyl-
—C N —Mgl, Diethy] ether
Magnesium
ethoxy iodide

(11) Formation of cyanides or nitriles : .

R—Megl + (CN); —> R—CN +Mg<
Cyanogen CN
(a) Methyl cyanide :

CH;Mgl + (CN); —> CH;—CN + Mg<
Methy] cyanide CN
(Ethane nitrile)

(b) Ethyl cyanide :

I
. CszMgl +CNCl ——> CszCN + Mg/
Cyanogen Ethyl cyanide \Cl
chloride  (Propane nirile) ’ .
(12) Formation of amines : Grignard reagent reacts with c,hloroamme to form primary
amines,

. I
R—Mgl + CI—NH, —— R~—NH; + Mg/
Chloroamine Primary amine \Cf



Ethyl amine :
. 1
C,HsMel + Cl—NH, —5 C,HyNH, + Mg~ -
Ethyl amine \C[
(13) Formation of dithionic acids : Grignard reagent reacts with CS, to give a product

which on hydrolysis gives dithionic acid,

H[OH H—0 OH
R—Mgl + S=C=8 -— S-HC-—S‘MgI ————-—)H S=C-—-SH+ Mg/
Carbon disuiphide [ Hydrolysis f I
R R
. Dithio acid
Dithioacetic acid : )
H|IOH OH
) H—O,
CH;Mgl + $=C=8 —— $=C—S|Mel HOR s sH+ Mg e
. ! t Hydrolysis I ~ i
CH3 CH3

Dithioacelic acid
(14) Formation of sulphinic acids : Grignard reagent reacts with SO, to give a product
which on hydrolysis gives su]phinic acid.

[| |OH 5 B OH
R—Mgl +$0, —> R—S—O!Mgl ———— R—S—OH+ Mg
Hydrolysis * \\I
Alkyl sulphinic acid
Methane sulphinic acid :
0] .
1 HIOH H_oH O _~oH
CH;Mgl + 80, —— CH3—S-—O Mgl ——— CH;——S—OH+Mg\
Hydrolysis Methane sulphinic acid H

(15) Formation of phenol : Grignard reagent reacts with oxygen to give a product which
on hydrolysis gives phenol.

OH
CgH:Mgl +5 01 — CﬁHS,——O—ﬁMgI-———% CeHsOH + Mg/
Phenyl oxy Phenol ~N
magnesium jodide
(16) Formation of other organometallic compounds : Some metal chlorides react with
Grignard reagent to form different organometaiic compounds.
(a) Tetraethyl lead (TEL) :

I
4C,HsMgl + 2PbCly —> (CyHs), Pb+Pb + 4Mg/
Tetrzethy) tead ~a
(b) Diethyl mercury :

I
2C;HsMgl + HgCl, —— (C;Hs), Hg + 2Mg /
Diethy) mercury ™~ Cl
(c) Diethyl zinc (Frankland reagent) :
/ I

2CHsMgl + ZnCl; — (CyHs), Znt 2Mg\ ,
Ci i

Diethyl zinc

* 3.3. ORGANOLITHIUM COMPOUNDS

Organoiithium compounds are those compounds which contain C—Li bond, e.g.,
CH3;—Li C,Hs—Li CgHs—Li
MethyHithium Ethyllithium Phenyllithium
These compounds behave in the same way as Grignard’s reagents but with increased reactivity.
The increased reactivity is due to the greater polar character of C—Li in comparison to C—Mg
bond.
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[1] Methods of Preparation
(i) By the interaction-of lithium with an alkyl or an aryl halide in benzene or ether at low

temperatuce.

R—X +2Li —> R—Li+LiX
CH;—I+2Li — CH3;—Li+Lil
CsHsCl +2L) — CpHs—Li+ LiCl

Ethy! lithium
CgHsCi + 2Li —— CgHs—Li+ LiCt

(ii) From organomercury compounds : By treating lithium with organomercury

compounds in the presence of benzene
R,Hg + 2Li =%, 2R Li+Hg

(CHa)oHg +2Li 2, 2CH,—Li + Heg
(iii) By metal halogen exchange in ether : Lithium aryls are best prepared by this method.

Eth
CeHsBr + CgHoli ———s CgHs—Li+C HoBr

Phenyl bromide n-Butyllithium Phenyllithium

Br N Li \
@ +CHoLi —» @/ + C,HoBr

N A-Butyllithium N n-Butyibromide
3-Bromwo 3-Lithium pyridine
pyridine
(iv) By meta)-metal exchange reactions :  Viny! allyl and other unsaturated derivatives of
Jithium can be obtained by metal-metal exchange reactions.
Sn(CH=CH, )4 + 4CcHs—Li -— 4Li({CH=CH,} + Sn{CgHs)4

(v) By metal-hydrogen exchange in ether :

CH— CH Eher.  CH—CH .
T +CHs—Li 22, 1T +CeH,
CH /CH C& /C—Li
\0 @]
Furan
OCH,4 OCH;
Li
+ CSHS'_Li — + C6H6
Anisole

[1] Properties

(i) Organolithium compounds are colourless volatile Jiquids or low melting solids. They are
thermally unstable and decompose to LiH and an alkene on standing at room temperature. They are
covalent and are soluble in benzene and other non-polar solvents. They are rapidly hydrolysed by

water. ‘
(ii) Organolithium compounds are synthetic reagents and they can be used for the synthesis

of number of compounds as given below .
{a) Formation of hydrocarbons : Organolithium compounds react with compounds

containing active hydrogen such as water, alcohol to give the corresponding hydrocarbons.
R—Li+H,0 — R—H+LiOH
CHy—Li+H,0 — CH4+LiOH
C,HsLi + CHsOH —— C,Hg + C;HsOLi
(b} Formation of alkyl halides : Organolithium compounds are decomposed by halogens

to form alkyl halides.
R—Li+X; — R—X+LWX
CQHS——Li + Bl’z —_ CszBI' +LiBr
Ethyl bromide




(c) Formation of alcohels : Organometallic Compounds and
(iy Primary alcohols : Organolithium compounds react with HCHO to form an addition Aromatic Sulphonic Compounds
product ‘which on hydrolysis form primary alcohols.

: i ;
H,O
H—C=0+R—Li — H—C—OLi ——— H—C-—OH +LiOH
Formaldehyde i |
R ' R
Primary alcohol
H H H
I . g H,0 !
H-C=0+CH;—1li — H—?—-OLi —_— H—-C|——0H +LiCH
Formaldehyde ithi
Methyl lithium CH3 CH3
Ethy! alcohol

(éi) Secondary alcohols : QOrganolithium compounds react with aldehydes other than
formaldehyde to form an addition product which on hydrolysis form secondary alcohois.
i i .
, H,0
R—=0+R~Li ——» R—C—OLi —— R—C—OH +LiOH
Aldehyde 1|( ]lz

_ . Secondary alcohol
H H i
| . L o M0, |
CH;—C=0+ CHy-—Li — CHy—C—OLi CH3—LF—OH +LiOH
Acetaldehyde  Methyl lithium CH 3 CH3

. Isopropyl al;:oho]
(iii) Tertiary alcohols : Organolithium compounds react with ketones to form an addition
product which on hydrolysis form terttary alcohol.

R R R
} 5 H,0 1
R—C=0+R—-Li — R—C-—OLi —— R—C—OH +LiOH
Ketone | [
R R
CH; CHj; CH;
I . I . HO I
CH;—C=0+CH;—Li — CH3-—(F'J—OL1 _— CH3——(F-—OH+LiOH
Acetone CH‘; CH3

t-Buty] alcchol
(Tri methy! carbinol)
{d) Formation of ethers : Higher ethers are prepared by the action of organolithtum
compounds on a monochloro ether.

R—O—CH,— —R’ — R—O—CH,—R’ +LiCl

Maonochloro
ether
CHy;—O—CHy,— —CH3; — CH3;—0—CH,—CH; +LiCl
Chiorodimethy : Ethylmethyl
ether ether

(¢) Formation of aldehydes : Organolithium compounds react with hydrogen cyanide to
form an addition product which on hydrolysis give aldehydes

R 2H.0
H—C=N +R—Li —> H—C=N—Li — s H—C==0+NH; + LiOH
Hydrogen cyanide lll [r{

Aldehyde

(f) Formation of ketones : Organolithium compounds react with alkyl cyanides to form an
addition product which on hydrolysis give ketones.
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2H,0
R—C=N+R—Li — R—C=N-Li “——R—C=0+NH, + LiOH
“ R R
Ketone
' 2H,0 )
CH;—C=N+(CH;—Li — CH;—C=N:Li —— CH3;—C=0+ NH; + LiOH
3 3 3 | 3 ] 3
CH,4 CH,
Acetone

Ketones are also obtained when organolithium compounds react with CO or CO,

CHin

2CH;—Li +3CO —— 2LiCO + /c:o
Methyl lithium CH,
Acetone
(g) Formation of amines : Organolithium compounds react with chloro amines to form
alkyl amines
R—Li+ Cl—NH; —— R—NH; + LiCl
Chloro amine
C,HsLi + CI—NH; — C,Hs—NH, + LiCl
Chloro aming Ethyl amine
(h) Formation of alkyl cyanides : Organo lithium compounds react with cyanogen chloride
to form alkyl cyanides.

R—Li + Ci—CN —— R—CN +LiCl

Cyanogen Alkyl cyanide
chloride
CH;—Li + Cl—CN —— CH;—CN +LiCl
Cyanogen Methyl cyanide
chloride

(i) Formation of thioalcohols or mercaptans : Organolithium compounds react with sulphur
to form thioalcohols.

. H0
R—Li+S —— R—S§—Lj —— R—SH+LiOH
Thioalcoho)

H,O ! I
C;Hs—Li+8S — C2H5—S—Ll _— C,HsSH + LiOH
Ethy]l mercaptan .
(j) Formation of other organometallic compounds : Organolithium compounds react with
metal halides to form other organometallic compounds. '
3CHy;—Li+ BCl; — (CH;);B + 3LiCl
Trimethyl boron
4CH;—Li +SnCl; —> (CHj3)4Sn +4LiCl
Tetramethyl tin
2CH;—Li +CdC), — (CH3),Cd + 2LiCl
Dimethyl cadmium
4C,Hs—Li+ 2PbCl; —— (C,Hs)4Pb + Pb +4LiCl
Tetraethyl lead
[lll] Uses
Organolithium compounds are used for : -
{i) converting atkenes and dienes to elastomers.
(i1) the synthesis of different types of organic compounds.

* 3.4. ORGANOSULPHUR COMPOUNDS

[[] Thiols or Mercaptans

When sulphur atom is present in place of oxygen in an alcohol (ROH), the corresponding
alcohol is known as thiol (RSH) or mercaptan. It is also known as thicalcohol. The IUPAC name
of thio alcohol is thiol.




-0
R.OH —— R.SH
Alcohol  +8§ Thiol

—0
C2H50H _— CszsH
+3
Ethy| mercaptan
(Bthanethiol)
These compounds may also be taken as derivatives of HyS in which H-atom of H,S has been
replaced by alkyl group.

H_.S—H :—’:—> R_SH
R

H—S—H —';—H—> C,Hs—SH
25 Eihyl mercaptan
These compounds are weakly acidic and react with mercuric tons to form mercury salts. Hence,
these compounds are called as mercaptans (mercury catching).
[M] Methods of Preparation
The general methods of preparation of thiols are as follows :
(1) From alcchols :
(a) Thiols are formed when alcohols are heated with phosphorus pentasulphide (P,Ss).

5R.OH +P;S5 —— 5R.SH + P05
Alcohol Thiol

5C,H50H + P,S5 — > 5C,H;s.SH + P,0;
Ethanol Ethanethiol
{or Ethyl meccaptan) .
(b) Thiols are found by passing the mixture of alcohoi vapours and hydrogen sulphide over
heated catalyst, e.g., thoria (ThO,).
T™hO, :
ROH+ HzS —> RSH+ HQO
400'C )
" THQ,
C,HsOH + H,S ——— C,HsSH + H,0
400°C
(2) From alky} halides : When alkyl halides are heated with an alcoholic solution of sodium
or potassium hydrosulphide, thioalcohols are formed.

A
RX + KSH — RSH+KX
Alkyl Potassium Thiocl
halide  hydrosulphide

A
CyHsCl + K.SH — CyHsSH + KC
Ethanethiol
(3) From disulphides : On reducing dialkyl disulphides (R.S.8.R.) with zin¢ and acid, thiols
are found,
ZwH,S0,
RSSR+2H ——— 2R.SH
Zn/H,S0,
C2H5.S.S.C2H5 +2H —— 2C2H5.SH
Diethy1 disulphide Ethyl mercaptan
(4) From Grignard reagents : Grignard reagent on reaction with sulphur gives an adduct
which on hydrolysis gives thiot.

H,om" /X
RMgX+S— RSMgX— > RS H+ Mg\
Grignard reagent Adduct Thiol OH

H,0H" /Br
CszMgBl' +8§— C2HSS.MgBI'—*'—) C2H58H + Mg

Ethyl magnesium Adduct Ethyl mercaptan N OH
bromide ‘ ’

Organometaltic Compounds and
Aromatic Sulphonic Compounds
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[I1] Physical Properties

(1) MetHanethiol is a gas, while higher homologues are vofatile liquids having unpleasant
odour. The boiling points of methanethiol and ethanetbjo! are 6° and 37°C, respectively.

(2) The boiling points of thiots are much lower than the comresponding alcohols which is due
to the weaker intermolecular hydrogen bonding in thiols than alcohols.

{3) They are less soluble in water, as compared to corresponding alcohols. However, they are
readily soluble in organic solvents, e.g., ether, alcohol etc.

(4), Thiols are weak acids. They are fairly strong acids as compared to alcohols because the
larger sulphur atom can accommodate the negative charge of the anion much more readily than
oxygen.

[V} Chemical Properties

Thiols are less stable than corresponding oxygen compounds and hence are chemically more
reactive,

[A] Characteristics similar to alcohols

(1) Reaction with alkali metals : Thiols form mercaptides.

2C,H;SH + 2Na —s 2C;H,SNa + H,

Sodium ethyl
mercaptide

(2) Reaction with alkalies : Thiols form mercaptides.
CyH;SH + NaOH — C,H;SNa + H,O
Sodium mercaptide

(3) Reaction with acids and acid derivatives : Thiols form thioesters.
+
C;HsSH + HO.OC.CH; — CH;C0.5.C;Hs + H,0
Acetic acid _ Ethyl thioacetate

C2H55H+CICOCH3 —_ CH3.CO.S.C2H5 +HCl
Acetyl chloride

OC.CH;
C,HsSH + O/ — CH4CO.5.C,Hs + CH;COOH
AN OC.CH; Ethy} thioacetate
Acetic anhydride

{(4) Reaction with aldehydes and ketones : Thiols form thioacetals or mercaptais with
aldehydes and thioketals or mercaptols with ketones.

\C=O+2HS.C2H5 _MAe TN/ +H,0
1 Ao ZnCl, g N §.CoH
Acetaldchyde Diethyl methyl
mercaptal
CH CH S.C,H
HC] gas 3 2 5
3\C=O+2HS.C‘2H5——————> Ne” +H,0
CH, yd Aoh. ZnCl, oy 3/ s C,Hy
Acctone Diethyl dimethyl
mercaptol

[B] Characteristics different from alcohols
(5) Reacfion with alkalies : Thiols behave as weak acids and dlssolve readily in alkalies to
form mercaptides.
C2H5SH +NaOH—> C2H55.NEI +H,0

Sodium ethyl
mercaptide

(6) Reaction with metaﬂu: salts and metallic oxides :
{a) With metallic oxides, thiols form mercaptides.
2C2H58H + HgO —> (Cszs)zHg + Hzo
Mercury ethy!
mercaptide

(b) On treatment with aqueous solution of metallic salts, mercaptsdes are obtained as
precipitates. ’



2C2H55H + (CHBCOO)Zpb — (CszS)sz + 2CH3COOH
Lead ethyl
. mercaptide
{c) On reaction with aqueous solution of cupric chloride or an alkatine solution of sodium
plumbite in presence of sulphur, thiols form disulphides.
ZCZHssH + 2CUC12 —_— Csz.S.S.Czl'IS + CUQCIZ + 2HCI
Diethyl disulphide
Sodinm plumbite
(7) Oxidation :
(a) With mild oxidising agents like air, H;Q3, CuCly, I, NaOCl or FeCls etc. thiols are oxidised
to disulphides.

CszSH + H202 — Csz.S‘S.ClHS + 2H20
C,HsS S CyHs — CoHs—S—8—C,Hs + 2HI
’ Diethy! disulphide
(b) With strong oxidising agents like HNO3, KMnQy, thiols are oxidised to sulphonic acids.

5C,HsSH + 6MnQ; + 18H" —5 5C,HsSO.H + 6Mn®* + 91,0
Ethyl sutphonic acid ’

[V] Uses
(1) Due to their extremely unpleasant smell, lower thiols are used to detect minor leakages in
natural and coal gas pipes. '
(2) Lower thiols are used in the preparation of some fungicides.
(3) Thiols are used for healing the wounds.
(4) Thiols are used for preparing sulphonal [(CH3), C (SO,C,Hs),] and other hypnotics.

« 3.5. PREPARATION OF SULPHONAL

Acetone reacts with ethyl mercaptan in presence of HCi gas or anhydrous zinc chloride to
give diethyl dimethyl mercaptol which on oxidation with alkaline KMnO, gives sulphonal which

is used as hypnotic (sleep producing drug).

CH3\ Cee EO + H ES C2H5 HC! gas or
CH/ E_ ----- !_{ 'S C2H5 anh, Zl'l(C)lg,
Acetone Ethy] mercaptan 2

{2 mols)

CH3\ / S C2H5 Alkaline CH3\\ / 502C2H5
PN KMQ PN
CHy S C,H; *  CH, SO,C,Hs

Diethyl dimethyl 401 Sulphonal
mercaptol
* 3.6, AROMATIC SULPHONIC COMPOUNDS

{1} Sulphonation

The replacement of one or more hydrogen atoms of benzene nucleus by — SO3H groups is
known as sulphonation. This is brought about by conc. H,S0,, fuming sulphuric acid or chloro-
sulphonic acid.

SO3H
@ + Conc. H2804 LUCN +H,0

The number of — SO3H groups that enter in the benzene nucleus depend upon (i) temperature,
(i1} nature of sulphonating agent and (iii) nature of substance to be sulphonated. Ortho — and para—
directing groups such as — OH, -~ NH,, — CH; help sulphonation, whereas meta-directing groups

such as — NO,, — COOH retard it.

Qrganometaltic Compounds and
Aromatic Sulphonic Compounds
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[] Mechanism of Sulphonation
Sulphonation takes place due to the attack of electrophilic reagent, SO;,H+ This ion is obtamed
by the dehydration of sulphuric acidium ion.
H,804 + HpS0, — [H380,4]" + HSO;

Sulphuric acidium ion

(HySO,1t —— SO.H"

- H30 Sulphonium ion

SO3H SO;H
@ + SO H+ Slow @ @

H_ so;H SO;H

+ +
+— —_— ‘+ H

.f

H' + HSO; —> H,S0,

‘Why more than three sulphonic groups cannot be introduced into the benzene ring?

More than three — SO3H groups cannot be introduced into the benzene nucleus. This is because — SO3H group is
meta directing and benzene nucleus has only three meta positions. When all the three meta positions are occupied.
further sutphonation in the benzene nucleus becomes impossible. Due to meta directing influence, the — SO3H
group is inactive and reduces the reactivity of benzene nucleus. With the introduction of — SO4H group, the benzene
nucfeus becomes inactive with the result that the introduction of second and third —SOsH groups becomes
extremely difficult in the benzene nucleus.

{til] Preparation
In laboratory, benzene sulphonic acid is prepared by the action of cone, H,SO, on benzene
at 80°C.

SO;H

@ + Conc. Hy80y ——=» see, @ + H,O

Benzene
sulphonic acid

Benzene (1 part) and conc. HySO, (two parts) are taken in a round bottomed flask with a
reflux condenser. The flask is heated slowly on a sand bath. The flask is ,shake-n and when whole
of the benzene is dissolved, the flask is cooled. The product is poured into water and this sclution
is treated with BaCO4. The excess of HySOy is precipitated as BaSO,4 and benzene sulphonic acid
remains in solution as its barium salt. '

H,50y + BaC0O; —— BaSO, + H,0 + CO,T
Ppt.
2C6H5303H + BH.C03 —_— (C6H5SO3)2Ba +H,0 +CO,

Barium benzene
sulghonate

The precipitate of BaSQ, is filtered and the solution is concentrated when barium benzene
sulphonate crystallizes out. A weighed quantity of these crystals is decomposed by calculated
quantity of dil. H,SO4. The precipitate of BaSQy is filtered off and the solution is concentrated to
get the crystals of benzene sulphonic acid.

(C¢HsS0O3),Ba + H,80, — BaSO4 + 2C¢HsSO;H

Barium benzene Benzene sulphonic
sulphonate acid

[IV] Manufacture

The manufacture of benzene sulphonic acid is similar to that of laboratory methed. The only
difference is that the sulphonation is carried out in a container fitted with steam coils and a
mechanical stirrer.

[V] Physical Properties
Benzene sulphonic acid is a colourless solid, M. Pt. 44°C. It is very sofuble in water and gives

a strongly acidic solution.



[Vi] Chemical Properties : .
{1) Reactions due to — SO3H group.
(a) Salt formation ; Benzene sulphonic acid reacts with bases to form salts.
SO3H $O;3Na

+NaOH ——» +H,0

Sodiurn
benzene sulphonate

(b} Ester formatlon Benzene sulphonic acid reacts with C,HsOH in presence of dil. NaOH
to form ester.

SOH SOACoHs
Dil.
+ CszOH W + Hzo
Ethyl

benzene sulphonate
(c) Reaction with carbonate salts : Benzene sulphonic acid decomposes metal carbonates
to form CO,. )
2C¢HsSO3H + BaCO3 —— (C¢H5805),Ba + H,0 + CO,

Barium benzene
sulphonate

(d) Reaction with PCls : Benzene sulphonic acid gives benzene sulphonyl chloride (Hinsberg
reagent) with PCls.

SOH 80,4CI
@ + PCly — @ +POCL + HCL
Benzene

sulphonyl chloride
(e) Reaction with hydrocarbons : Benzene sulphonic acid gives sulphone compounds with

benzene,
Anhy. AICI
@SOZ OH+H 'HZO B @—SOZ YH0

Benzcne Diphenyl sulphone

() Reaction with dehydrating agent : On heating benzene sulphonic acid with P,Os,
benzene sulphonic anhydride is formed.

X
2C6H58020H —— (CﬁHSSOZ)Zo
—H,0  Benzene sulphonic
anhydride
(g) Reactions involving replacement of — SO,H group.
(i) Substitution by hydrogen : Benzene sulphonic acid on heating with super-heated steam or
with dil. HCI at 170°C under pressure gives benzene. The reaction is known as desulphonation.

SO3H
Superheated steam
+ ——ee el + Hy80
MO~ a ror e L
Benzene under presswre
sulphonic acid

(if)-Substitution by hydroxyl group : Sodiuni salt of benzene sulphonic acid when fused with
solid NaOH, gives sodium phenoxide which on treatment with mineral acid gives phenol.

SO;Na ONa
+ IJNaOH 32%C, 300"‘3 @ +Na;S03 + Hy0
Sodium Sodium phenaxide
benzene sulphanate
ONa OH
@ + HCl —» @ + NaCl
I Phenol

Organometaliic Compounds and
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(iii) Substitution by — SH group : Potassium salt of benzene sulphonic acid when fused with
potassium hydrogen sulphide (KHS) , gives thiophenol.

SO;K SH
@ + KHS —> @ + K803
Potassitun Thiopheno!
benzenc suiphonate

{iv) Substitution by — NH, group : Sodium salt of benzene sulphonic acid when fused with
sodamide gives aniline, '

SO3Na ' NH;
+ NaNH, fuss, @ + Naz80;3
Sodamide
Sodium Aniline
benzene sulphonate

(v) Substitution by — CN group : Sodium salt of benzene sulphonic acid when fused with solid
NaCN gives cyanobenzene.

SO3Na CN
« NaCN -F&5¢, @ + N2S0;
Sodium Cyancbenzene

benzene sulphonate

Cyanobenzene on reduction with sodium and alcohol gives benzyl amine, on hydrolysis with
dil. acids gives benzoic acid and on hydrolysis by alkaline H,O, gives benzamide.

{Benzonitrilc)

COOH CN ChaNH,
Hydrolysis Na/Alcohol
————————
Dil. acid 4B, Reduction
Benzoic Cyanobenzene Benzy! aming
acid
H50 ] Alkaline
H20,
CONH,
Benzamide

{iv) Substitution by— COOH group : Sodium salt of the acid when fused with sodium formate
gives benzoic acid.

0
SOsNa CooH

+ HCOONa fuse, + N2;SOs

Sodium Benzoic acid
benzene sulphonate

(2) Reactions due 1o benzene nucleus
The directive influence of — SO;H group is meta directing, therefore, substitution takes place
in the meta position as shown in halogenation, sulphonation, nitration etc. as follows :

{a) Halogenation :

SO3H SO3H
+ Brp —-Fi—b + HBr
106C
Br

m-Bromo benzene
sulphonic acid



(b) Sulphonation :
SO3H SO;H

+ H3S04 200C, "+ H0
Fuming SOzH
Benzene
m-disulphonic acid

(c) Nitration :
SOstt SOsH

Conc. H;80, ’
+ HNOy — 24, + H,0

' Cone. NO,

P

m-Natrobenzene
sulphonic acid

[VII] Structure of Benzene Sulphonic Acid
(1) Molecular formula : Elementary analysis and molecular weight determination shows that
molecular formula of benzene sulphonic acid is C¢HgSO;.
(2) Presence of phenyl (C¢Hs) group : Benzene sulphonic acid when fused with NaCN,
NaNH, and NaOH gives cyanobenzene, aniline and phenol, respectively. The formation of these
compounds indicate that —SO3H group is directly attached to the benzene nucleus and in the
formation of these compounds — SO3H group is replaced. Hence, the compound contains phenyl
group and the compound may be represented as CgHsSO3H.
(3) Presence of sulphonic acid (- SO;H) group :
" (i) Benzene sulphonic acid reacts with PCls to form benzene sulphonyl chloride and HCL.
This indicates that — SO;H group contains — OH group similar to — COOH group.
‘ C¢HsSO,0H + PCls —— CgH5SO,Cl + POCI; + HCI

Benzene sulphonic Benzene sulphonyl
acid chloride

(i1) The presence of acidic — OH group is also indicated by the formation of salts with bases
and formation of esters with alcohols.
CgHsSQ,0H +NaOH — C¢HsS0,0Na + H,0

Benzene sulphonic Sodiumbenzenc
acid sulphonate

NaOH
C6H55020H + CszoH _— C6H5802OC2H5 + H20
Ethylbenzene
sulphonate

(iii) Benzene sulphonic acid on reduction with Zn and dil. H,SOy4 gives thiophenol which on
oxidation with alkaline KMnQO, is again converted into benzene sulphonic acid. These reactions
indicate that in benzene suiphonic acid, sulphur atom is directly attached to the benzene nucleus.

' Zn/H,S0,
C¢HsSO;H + 6H ——— C4HsSH + 3H,0
Thiophenol
Alkaline
C6H5SH+30 — C¢HsS05H
KMnO,  Benzene sulphonic
acid

(4) Probable structure : On the basis of above facts, benzene sulphonic acid may be assigned
the following structure :

7 ;
C6H5—FS—OH or CGHS—E—OH
|
0O O

Organometallic Compounds and
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[VIll] Uses of Sulphonation in Organic Chemistry

(i) In the preparation of a number of sulpha drugs such as sulpha pyridine, sulphadiazine,
sulphathiazole, sutphaguanidine, chioramine-T.

(i1) In the preparation of saccharin which is 550 times sweeter than sugar,

(iii) In the manufacture of various dyes.

(iv) As a dehydrating agent in esterification, etherefication and other reactions.

(v} In the preparation of compounds fike benzene, phenol, aniline, cyanobenzene, benzoic
acid etc,

e 3.7. SACCHARIN
[1] Preparation

Toluene is sulphonated with chlorosulphonic acid at low temperature when a mixture of o- .

and p- toluene sufphony! chilorides is obtained. The o-compound is obtained as the main product
and p-compound is obtained in small amounts.

CH; CH;
& oz QL™ ™
SOZCI ClOzS

Toluene o-Toluenc p-Toluene
sulphonyl chloride sulphonyi chlotide
(85%), (15%),
liquid solid

At low temperatures, the o-compound is liquid, whereas p-compound is solid, hence they are
separated by filtration. From o-toluene sulphony! chloride, saccharin is obtained as follows :

H COOH
O, = B, O
04
SO,C1 SONH, > SO;NH,
o-Toluene o-Toluene o-Benzoie
sulphony] chloride sulphonamide sulphonamide
CcO
e >NH
: SO,
Saccharin

[11] Properties

Saccharin is a colourless, crystalline solid, M. Pt. 224°C. Tt is 550 times sweeter than sugar.
It is insoluble in water and hence ts sold as its sodium salt which is very soluble. It is very sweet
in dilute solution but is bitter in concentrated solution.
[1l) Uses

Saccharin is used in cheap drinks in place of sugar. It is also used as a sweetening agent by
diabetics and obese persons who are not allowed to use sugar in their diet.

* 3.8. CHLORAMINE-T

{i] Preparation

From toluene : Toluene is sulphonated with chloro-sulphonic acid at low temperatures when
a mixture of - and p-toluene sulphonyl chlorides is obtained. The o-compound is obtained as the
main product and p-compound is obtzined in small amounts.

CHj3
me SOZCI
+ CISO3H ————
Toluens o-Toluene sulphon)rl
chloride (85%), SO,Cl -
liquid p-Toluene sulphonyl
chloride (15%),
solid

At low temperatures, the e-compound is liquid, whereas p-compound is solid, hence they are
separated by filtration. From p-toluene sulphonyl chloride, chloramine~T is obtained as follows :



CHj CHj
@ o @ e @
—
-RCl . HEat

S0,C1 SO;NH, SOzN\
p-Toluene p-Toluene
sulphony! chloride sulphonamide Chloramine- T

[II] Properties and Uses
Chloramine-T is sufficiently stable when dry. but its aqueous solution is slowly hydrolysed
to give hypochlorite ion, hence it is used as an antiseptic for wounds.
Chloramine-T reacts with sodium hypochlorite (NaOCI) to give dichloramine—T.
CH3 CH;

NaQCl

cl cl
502N<
cl

Dichlotamine-T

yd
SO;N
\Na

SUMMARY

*  Organometallic compounds are those compounds in which an organic group is attached through
carbon t¢ an atom which is less electronegative than carbon, e.g., C;HsMgBr (ethyl magnesium
bromide).

» The C—Mg bond in Grignard reagents is covalent but highly polar.

»  Grignard reagents undergo substitution reactions.

=  When sulphur atom is preseat in place of oxygen in an alcohol (R—OH), the corresponding
alcohol is known as thiol (R—SH) or mercaptan. It is also known as thioalcohol.

*  The IUPAC name of thiocalcohol is thiol, 2.3., C,HsSH is known as ethanethiol.

» - Sulphonal has the structure, '

cH" \\sochHj

It is used as a hypnotic, i.e., sleep producing drug.
=  The replacement of one or more hydrogen atoms of benzcne nucleus by — SO3H groups is

known as sulphonation.

80°C
C6H6 + H2504 (COHC.) —> C6H5——SO3H + Hzo

»  Saccharin has the structure @(CU\
NH.
so/

3
It ts 550 times more sweet than sugar.

'STUDENT ACTIVITY

1. How are Grignard’s rea gehts prepared ?
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2. Mention the preparation of saccharin. §

3. Define sulphonation.

4, How is benzene sulphonic acid prepared in laboratory ? Give reaction also.

5.  Write the structure of chloramine-T.

* TEST YOURSELF

1. What are organometailic compounds ?

2. What are Grignard’s reagents ? How are they prepared ?

3. Give the synthetic importance of Grignard’s reagents.

4,  Starting from methyl magnesium iodide, how will you obtain the following compounds ?
(i) Propane (ii) Ethanoic acid (iii) Ethano!
(iv) Acetone (v} t-Butyl alcohol {vi) Methyl! ethy! ketone

(vii) Diethylmercury  (vii} Ethyl butyrate
5, What is the reaction of methyl magnesium iodide on ?
(i) Acetone (ii) Ethyt acetate S (iii) Ethylene oxide
(iv) Ethy! cyanide (v) Acetamide (vi) Propionaldehyde
6. How will you obtain the following from Grignard’s reagent ?
(i) Acetic acid (ii} n-Butyl alcohol  (iii) Succinic acid {iv) Gluraric acid
(v) Ethanethiol (vi} Phenol
7. What are organolithium compounds ? Descnbe the preparation, properties and uses of
organolithium compounds.
8. What are thiols ?
9. Describe the methods of preparation, properties and uses of thiols.
10. How is sulphonal prepared ?
11. Define sulphonation. Describe its mechanismt.

B2 Self-Instructional Material



12.
13.
14.

15,
16.
17.
18.

19.

20.

21,

22,

23,

24.

25.

How is benzene sulphonic acid prepared in the laboratory ? /
Mention the important properties and structure of benzene sulphonic acid.

Starting from benzene sulphonic acid, how will you prepare the following compounds ?
(i) Benzene  (ii) Phenol (iii) Thiophenol (iv) Aniline

(v) Benzamide (vi) Benzonitrile {viii) Benzoic acid

How is saccharin prepared ? Mention its uses.

Describe the preparation and properties of chloramine-T.

Which of the following is an organometallic compound ?

(a) C2HsONa  (b) (C2Hs)4Pb (c) CH3COONa (d) Ti(OCeHs)a

Methyl magnesium iodide reacts with ethyi alcohol to give :

(a) CHg (b) C2Hs (c)CsHg ~ (d)} None of these
Grignard reagent reacts with ethylene oxide to give a product which on hydrolysis gives :
(a) Primary alcohol (b) Secondary alcohol

{c) - Tertiary alcohol (d) Alkene

Grignard reagent reacts with ethyl orthoformate to give a product which on hydrolysis gives:
(a) Primary aicohol (b) Secondary alcohol .

{c) Aldehyde (d) Ketone

Grignard reagent reacts with CQO, to give a praduct which on hydrolysis gives :

(a) Aldehyde (b) Ketone (c) Carboxylic acid (d) Ester

Methyllithium reacts with CO, to give a product which on hydrolysis gives :
(ay CH3CHO (b) CH3COCH3 (¢) CH3COCH (&) CH3COOCH3
Chemically mercaptans belong 10 the class -

(a) Aldehydes (b) Ketones (¢) Alcohols (d) Thioalcohols
The sulphonation of benzene is :

(a) Nucleophilic substitution (b) Electrophilic substitution

(¢} Nucleophilic addition {d) Electrophilic addition

The active species in the aromatic sulphonation is :

(a) HzSO3  (b) HSO3 (c) SO%~ (@ SosH*

26. Fill in the blanks :

(i) Organometallic compounds are defined as those which contain one or more ...............
" bonds.

(i) Grignard reagent is an organo ............... compound.

(iii} Chemicatly Hinsberg reagent is ..............

(iv) Chloramine-T is used as an ...............

ANSWERS

17.(b) 18.(a) 19.(a) 20.(c) 21.(c} 22.(b) 23.(d) 24.(b) 25.(b)
26. (i) metai-carbon (ii} magnesium (jii) benzene sulphonyl-chloride (iv} antiseptic.

QuQ
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UNIT

4

POLYNUCLEAR HYDROCARBONS AND
HETEROCYCLIC COMPOUNDS

LEARNING OBJECTIVES

Naphthalene
Anthracene
Heterocyclic Compounds
Pyrrole
Thiophene

Furan

Pyridine

Indole.

Quinoline
Isoquinoline

o Summary

0 Student Activity
a Test Yourself

AROMATIC POLYNUCLEAR HYDROCARBONS

Introduction
Polynuclear hydrocarbons contain more than one aromatic rings. They are of two types :

(1) Isolated polynuclear hydrocarbons : These are compounds in which the rings arc isolated. i.e., benzene
nuclei are either linked directly to each other or through one or more carbon atoms, e.g., dipbenyl, diphenyl

methane, etc. .

Diphenyl Diphenyl methane
(2) Fused polynuclear hydrocarbons : In these compounds. the aromatic rings are fused due to the sharing of
two or more carbon atoms by two or more rings, e.g.. naphthalene, anthracene, phenanthrene, etc.

Naphthalene Anthracene Phenanthrenc

* 4.1. NAPHTHALENE

Naphthalene is the simplest condensed polynuclear hydrocarbon in which two benzene rings
are fused in ortho positions. It occurs in coal tar to an extent of 6%. It is isolated from middle oil
fraction.
fl] Manufacture of Naphthalene

(1) Isolation from coal tar : Naphthalene is prepared from middle oil fraction of coal tar.
This fraction is chilled when naphthalene crystallises out. The crude naphthalene is separated by
pressing or centrifuging. The solid mass so obtained is washed with hot water and aqueous alkali
1o remove traces of oils and phenols. It is then washed with dilute H,804 to remove basic impurities.

Finally, it is purified by sublimation.




[li] Synthetic Methods
(a) From 4-phenyl butene-1 :

CH

, )
‘o, —S0__,
| 2 "Red bot tube + 2H3
(ﬁH Naphthalene
CHy
4-Pheny! butene-1
(b) Haworth’s synthesis :
' co
.\ ICHzCO\ o A \CHZ Za Hg/cone. HC)
CHzCO/ AICI3 | 4H / -H,0
Benzene  Succinic (|:H2_
aohydride COOH
Ketonic acid
{B-Benzoyl propienic acid)
CIiZ CQ;
CIHZ PCl5 C|H2 Anh. AICl
-POCl3 a
COOH o= " Cyelic
y-Phenyl O .ketone
butyric acid ¥-Phenyl (a-Tetralone)

butyrl chloride
Zan + Cone. HC}

Bt ©1) o G2

1,2,3,4-Tetra Naphthalene
hydro naphthalene
(tetralin)
[ill] Nomenclature of Naphthalene
Naphthalene is represented in either of the following ways :

#CH~_ _-CHy, P2 NP2 BN P AL AN
“SEESEEN
¢
1 n m

Positions in the naphthalene ring system are shown either by numbering the different positions
or by designating them with Greek Jetters ot and . Positions 1, 4, 5 and 8 are same and are designated
as o-positions, while positions 2, 3, 6 and 7 are same and are designated as B-positions.

Naphthalene forms two mono-substituted derivatives, e.g., two naphthols, two
chioronaphthailenes, etc. For naming monosubstituted naphthalenes, the prefixes |- and 2- or - and
[3- are used, but in case of more highly substituted naphthalenes, the positions of the groups are
shown by numbers, e.g.,

NH;

1-Aminonaphthalenc 2-Nitronaphthalene 6-Amino 2-nitro
or a-Aminonaphthalene or B-Nitronaphthalene naphthalene

There are 10 isomeric disubstitution products when both the substituents are same. For
example, when two hydrogen atoms of naphthalene are replaced by two chlorine atoms, the following
ten dichloro naphthalenes are possible—1:2,1:3,1:4,1:5,1:6,1:7,1:8,2:3,2:6,2:7,
(W] Physical Properties

Naphthalene is a colourless crystalline solid, M.P. 80°C. It is insoluble in water, but soluble
in ether, benzene ete. It has a characteristic ‘moth bafl” odour. It sublimes readily when heated and
is volatile in steam. '
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[IV] Chemical Properties

Chemically, naphthalene resembles benzene in many of its reactions, though it is more reactive.
(A) Electrophilic Substitution Reactions '

Naphthalene undergoes electrophilic substitution reactions, substitution occurs primarily at
C~1 (o-position). Substitution at C-2 (f-position) occurs only when the reactions are carried out
at higher temperatures or when bulkier solvents are used.

(1) Nitration ; Naphthalene undergoes nitration with conc. HNO; in presence of sulphuric

acid at 60° to form w-nitro naphthalene.

NGO,
+ HNO; F28%, F04
Cang. 50'(: .
a-Nitro naphthalene {

(2) Sulphonation ; Naphthalene undergoes sulphonation with conc. sulphuric acid at 80°C
to form ¢-naphthalene sulphonic acid. At 160°C, B-naphthafene suiphonic acid is formed.:

_ : SO3H
SO,H &
3 H2504 H;so4
16l}°C
B-Naphthalent o Naphlhalene
sulphonic acid sulphonic acid

(3) Halogenation : Naphthalene shows chlorination or bromination in boiling CCI] to form

a-chloro naphthalene.
Cl ‘

a-Chiora naphthalenc
At room temperature, naphthalene dichloride is formed, which on heating gives w-chloro
naphthalene.

Cl
“ +Cl N, q -HO e
Roo temp
a-Chlore
H nzaphthalenc
Naphthalene
dickloride

(4) Friedel-Crafts alkylation ; Alkyl halides (except methyl halides) react with naphthalene
in presence of anhydrous A{Cly to form $-aikyl naphthalene.

Anhy, AIC]
+ CHyCHCI R

B-Ethyl naphthalenc
() Friedel-Crafts acylation : With acetyl chloride and anhydrous AICl; in carbon disulphide, ..
naphthalene undergoes acylation to form a—acetyl naphthalene

CH,CH;

. . '\.C /CHE
1
+ CHyCOCI 22 20h,
in CSz
o-Acetyl naphthalene

When nitrobenzene is used as a solvent, B-acetyl naphthalene is formed.

0
Il

+ CHyCOC) Aty AlCh e C~—CH3
CeHsNOy

P~Acetyl naphthalenc



(6) Chloromethylation : Naphthalene reacts with HCHO and HCI in presence of Anh, zinc
chloride to form a-chloromethyl naphthalene.

CH,Cl
i
Z Cl.
+H—C —H + HCl 225 ee
a-Chloromethyl
naphthalene

(B) Other Reactions

(1) Reduction : Naphthalene undergoes reduction more easily than benzene. With sodium
and ethyl alcohol, naphthalene forms I, 4-dihydronaphthalene, but with sodium and isoamyl alcohol,
it gives 1, 2, 3, 4-tetrahydronaphthalene (tetralin).

H B
Na/C4HsOH o‘
—
H H
1, 4-Dihydronaphthalene
.i .i H
Naphthalene
H
Nﬂ!"CsH“OH H
—— H
H
H H
1, 2, 3, 4 Tetrahydronaphthalene
{Tetrafin)

Tetralin is also obtained by the catalytic hydrogenation of naphthalene. On further
hydrogenation, tetralin forms decatin.

e Ni/2H, Nn'!H;
—
or MH;

Tetmlin
(2) Oxidation : {a) Naphthalene is easily oxidised, (a) With Cr03 in acetic acid at room
temperature, it oxidises to form 1, 4-naphthaquinone.

1, 4-Naphthaquinone
(b) With oxygen and V,Qs at 475°C, naphthalene is oxidised to form phthalic anhydride.

il
C
NeokErNce:
Tasc
o
il
O
Phthalic anhydride
(¢) In acidic medium, KMnO, oxidises naphthalene to form phthalic acid, while in alkaline

medium, it forms phthalonic acid.
COOH

Acidic KMnOg Alk. KMnOy
— BdiiiGag,
COOH
Phthalic acid Naphthalene (i CO.COOH

COOH
Phthalonic acid
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(d) With ozone, naphthalene first forms diozonide which on hydrolysis gives phthalaldehyde.

cH'o '
Naphthalene CHO
Nephthalene O Phthalaldehyde

diozonide

[V} Uses

Naphthalene is used as ‘moth balls’ to protect woollen clothes from moths. It is also used in
increasing the illuminating power of coal gas. It is used in the manufacture of phihalic anhydride,
2-naphthol, dyes, carbary] for insecticides and several medicinal products.
[V11 Constitution

(1) Elemental analysis and molecular weight determination shows that naphthalene has the
molecular formula C,¢Hg. '

(2) Like benzene, it is resistant to addition reactions though less than benzene. It undergoes
efectrophilic substitution reactions like halogenation, nitration, sulphonation.

(3) Naphthalene on oxidation gives phthalic acid. This shows that it contains a benzene ring
with two ortho side chains. o

(4) Benzene shows aromatic behaviour. Graebe showed that at least one benzene ring is present

1 in naphthalene and there may be two side chains in ortho positions to one another.

(5) Erlenmeyer suggested that naphthalene oontzuns two benzene rings fused in ortho posmons
This fact was also confirmed by Graebe.

sieEee!

This fact can be confirmed as naphthalene gives &-nitro naphthalene on nitration, which on
oxidation gives nitro phthalic acid. If nitro naphthalene is reduced to amino naphthalene and then
oxidised, then only phthalic acid is formed in place of amino phthalic acid. These reactions can
only be explained if it is assumed that naphthalene has two benzene rings A and B fused in ortho
position.

NO, NO;
HOOC
S > e
_ HOOC
o-Nitro naphthalene Nitro phthalic
Re:dl.lctl{m aoid
COOH
& = 6
COOH
a-Aming naphthalene Phthalic acid

In the first case —NO, group is meta directing and hence it reduces the reactivity of ring B.
Therefore ring A is more reactive and hence it is oxidized. In the second case, —NH, group is 0-and
p-directing and therefore it increases the reactivity of ring B and hence it is oxidized.

(1) Evidences in Favour of Erlenmeyer’s Formula

(a) Erlenmeyer’s formula shows the presence of five double bonds in the molecule and
naphthalene is known to add a maximum of five molecules of hydrogen to form decalin.

(b) This formula suggests the formation of two mono substituted derivatives and ten
disubstituted derivatives, which is in agreement with the known facts.

(c) Synthesis of naphthalene : Ertenmeyer’s formula has been supported by several methods
of synthesis of naphthalene.

(i) If 4-phenyl butene-1 is passed over red hot calcium oxide, naphthalene is obtained.

<

4-Phenyl butene-1



(it) Haworth’s synthesis : Friedel-Crafts reaction of succinic anhydride with benzene in
presence of anhydrous AlCI; gives a ketonic acid (I), which is reduced to (II). This on c¢yclisation
gives ketone (III), which on reduction gives tetralin (IV). Tetralin when dehydrogenated forms
naphthalene.

@+ (|3H2co\ Ach. /l CO\CHZ Zn Hg/conc. HCL

0 —— 1,0
CH,cO” Al ‘% by R
Benzene Succini | 2
UcCCIme .
anhvdri . . .COCH
ydride Ketnoic acid
{f-Benzoyl propionic acid)
CHp CHp~ Aoh. CHp
r ey B o
_ | —POC]y f s CH
CH; _nq CH; (]'T‘-—f‘ 2
COOH o= 0
y-Plgenyl' O Cyclic ketone
butyric acid  yPhenyl butyrl chloride (u-Tetralone)
ZnHg + Cone. HOL
—H;O Al —2H2
1,2,3, 4 Tetra hydro Naphthalene
naphtlwlcnc (Tetralin}
(2) Present Day Position

Physico-chemical studies of naphthalene show that (i) all C and H atoms in naphthalene lie
in the same plane and (ii) the value of heats of combustion and hydrogenation for naphthalene is
much lower than that calculated for Erlenmeyer’s formula. So, the structure of naphthalene can be
explained on the basis of the following concepts.

(1) Resonance concept : Naphthalene is considered to be resonance hybrid of various

contributing forms,
— Q0

It is supported by the following facts :

(a) Naphthalene is a planar molecule.

(b) X-ray studles have shown that all C—C bonds in naphthalene are not equivalent,
C,—C, bond-(1.36A) is much shorter than C,—C; bond (1.40 A). In other words, the C,—C; bond
has a relatively greater double bond character than the C,—C, bond. This may be due to the fact
that C)—C,; bond is double in two contributing forms, but single in one, whereas C;—C, bond is
single in two structures but double in only one.

(2) Molecular orbital concept : All the carbon atoms in naphthalene are in sp’ hybridised
state and lie at the corners of two fused hexagons. Each of the carbon atom is attached to two other
carbon atoms and one hydrogen by ¢ bonds formed by overlapping of trigonal sp” hybrid orbitals.
Consequently, all ten carbons and eight hydrogens lie in one plane. Naphthalene contains 10 1t
electrons, which is in accordance with Huckel (4n + 2) rule of aromaticity. So, naphthalene should
be a true aromatic compound. This is, however, so as evident from the chemical behaviour of
naphthalene,

Thus. the structure of aromatic co mpound naphl.halcne with two benzene rings fused in ortho
positions is established and is represented as :

e 4.2  ANTHRACENE

Anthracene occurs in coal tar distillation fraction known as anthracene oil or green oil, because
of its dark green fluoresence. It is collected between 270"-360°C and contains phenanthrene and
carbazole, besides 10% anthracene.
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[f] Nomenclature and Isomerism of Anthracene
The positions of different carbon atoms in anthracene are shown by nurnbers of Greek letters
as shown :

o 7Y o g 9 1
GOSN EGO G
p B 6 3

o ¥ o s 10 4

Thus, it is evident that in anthracene, three different positions are available for a substituent
and so it gives 3 isomeric monosubstitution products, viz., & or 1-; - or 2- and ¥- or 9- {or meso).
When the two substituents are identical, 15 isomers are possible. However, when the two substituents
are not identical, large number of isomers are possible.

[l) Preparation of Anthracene (From anthracene oil)

Anthracene oil is cooled and alfowed to crystallise for nearly a week. It is filtered and the
solid known as anthracene cake is pressed to make it free from liquid. The cake is powdered and
first washed with solvent naphtha to dissolve phenanthrene and then with pyridine to remove
carbazole by dissolving it. The solid left behind is crude anthracene, which is purified by sublimation.

Synthesis of Anthracene

{1} From benzene

(a) By the condensation of benzene with acetylene tetrabromide in presence of anhydrous

AICH;.
[H Bri—CH Anb. AICl; ~
(Ol = L3 M SIS

CH 4B

Benzene Acetylene " Banzenc Anthracene
tetrabromide

(b) By the condensation of benzene with methylene bromide in presence of Anhydrous
AlCl3, 9 : )0 dihydroanthracene is obtained which on mild oxidation gives anthracene.

ge=gg=—icENowe
CH: R CI 12

Bensene Methylene Benzene 9. 10 dihvdro-
bromide anthracene
Mild oxidation 000
_—
(9]
Anthracene

{c) By the condensation of benzene with phthalic anhydride in presence of Anhydrous
AlCl, o-benzoyl benzoic acid is obtained. This on heating with conc. H,SOQ, at 100°C forms

anthraquinone which on distillation with Zn dust gives anthracene.

COOH
‘: ‘ Ank AICTs ( /‘ Cone. HySOy
100°C
C/ -
Benzene H0
Phlhahc o-Bcnzoxl benzoic
anhydride acid
( scEcce
Antliracenc

A.mhraqumone
(2) From o-bromo benzyl bromide
By heating o-bromobenzyl bromide with sodium in presence of ether, 9 : 10 dihydroanthracene
is obtained which on mild oxidation gives anthracene.



_CH,|Br Br CH;
Br Br|H,C ~4NaBr CH,

O-Brome 9, 10 dibydro
benzyl bromide anthracene
Mild oxidation 000
—
(8|
-H0 Anthracene

[Itf] Physical Properties

Anthracene is a colourless solid, M.P. 216°C, showing a blue fluorescence. It is insoluble in
water, sparingly saluble in otganic solvents, but fairly soluble in hot benzene.
[IV] Chemical Properties

Anthracene resembles benzene and naphthalene in many respects. The positions - and 10-
are very reactive. To account for the reactivity of these positions, it has been suggested that
anthracene is in equilibrium with a free diradical. Some of the important reactions of this ring system
are :

(1) Reduction : When reduced with sodium and iso-amyl alcchol, anthracene forms 9,
10-dihydroanthracene.

H H
eeo 4+ gy Neflso-amylslcobol _ e.e
H H

9, 10-Dihydroanthracene
Catalytic hydrogenation (Ni/H,) forms tetra, hexa and octahydroanthracenes depending on

the amount of hydrogen present. Finally, it forms per-hydroanthracene, C | ,Hy,.
(2) Oxidation ; Anthracene is readily oxidised by chromic acid to give 9, 10-anthraquinone,

[0]
N NaZCr107fHZSO4
. 0
9, 10-Anthraguinone

(3) Electrophilic substitution reactions : Anthracene undergoes electrophilic substitution
reactions, e.g., halogenation, nitration, sulphonation, acetylation etc. as shown below :

(a} Halogenation
Br
CEE 2GR
—_
CCly

9-Bromoanthracene

(b} Nitration

CH,CO),0O
eee + HNO; (Cong) 23600

NO; NO;
e - Bl
9-Nitroanthracene NO;J,

9, 10-Dinitroanthracene
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(c) Sulphonation )
SO; '
H2804 SOH
0 Cunc
Anth.mcene—l Anthrncmc 2-
aulphonic acid sulphonic acid
At higher temperatures, anthracene 2-sulphonic acid is the main product.
(iv) Acetylation
COCH;
& CHacoC - CH3C0Cl
—_—
Anh AICl, Anh. AICl3
i ACETY‘ nitro benzenc n CHQClz
anthracene COCH,

9o}

9-Acctyl anthracene

(4) Electrophilic addition reactions : Though anthracene is an aromatic compound, yet it is
relatively more unsaturated than benzene or naphthalene. It adds halogens at ordinary temperatures.
Addition occurs preferably at 9- and 10 positions, e.g.,

H Cl H Br
H Cl “““’m""’ H Br

Anthracene 9, 10 dichloride Anthracene9, 10 dibromide

(5) In presence of light, anthracene adds a molecule of oxygen to form anthracene peroxide.

COORENC00

Anthracene peroxide
-

(6) Dimerisation : Anthrance dimerises to dianthracene or para-anthracene when a xylene
solution of anthracene is exposed to light.

cechlceclose

Dianthracene

(7) Picrate formation : Anthracene forms a red coloured picrate (M.P. 138°C) *ith picric
acid. '
Ci4Hjg + CgHy(NO,)3(OH) — Cy4H g CgHy(NO,)3(0H)
Anthracene Picric acid Anthracene picrate
(8) Reaction with sodium : Anthracene reacts with sodium to form a deep coloured disodium

salt, 9, 10-disodioanthracene.
{9) Formation of alizarin : Anthracene forms allzarm (dye) as follows :

e __Oxidaion __ Fuming
NaZCrZO-; + H2804 H2504, 140°C
Anthracene

9,10 Amhmqmnone



NeOH
THO

e SO 3Na NaOH
—
KC]03

Sodium anthraqumonc
2-sulphonate

0
e

0
Anthraquinone
2-sulphonic acid

0O OH

G ™

Alizarin

flll] Uses
Anthracene is used in the :
(1) Preparation of anthraquinone dyes, e.g., alizarin,
(ii) Manufacture of anthraquinone.
(iii) Making of smoke screens.

* 4.3. HETEROCYCLIC COMPOUNDS

[1] Heterocyclic Compounds

Heterocyclic compounds are defined as the cyclic compounds which kave hetero atom(s) at
one or more corners of the ring in addition to carbon atoms. These other elements or hetero atoms
are oxygen, sulphur and nitrogen. A heterocyclic compound may or may not be aromatic in nature.

The most stable heterocyclic compounds are those having five or six-membered rings. So.
heterocyclic compounds can be defined as five or six-membered cyclic compounds, with at least
one hetero atom as the ring member, which are relatively stable and show aromatic character.
Alkaloids, dyes, drugs, enzymes, proteins are important members of this group. '
[N] Characteristics of Heterocyclic Compounds

() They show aromatic properties similar to benzene.

(i) They are highly stable.

(iii) They contain conjugated double bonds,
[llf] Classification of Heterocyclic Compounds

Heterocyclic compounds can be divided into two classes, These are :

(1) Five-membered heterocyclics : These are derived from benzene by the replacement of a
C = C bond by a hetero atomn with an unshared electron pair.

CH—CH ﬁ:H—ﬁH CH—CH
ol ol

CH CH CH CH CH CH
./ N/ N/
0 S N
H

Furan Thiophene Pymole
(Oxole) (Thiole) (Azole)

(2) Six-membered heterocyclics : In this, carbon of benzene is replaced by an isoelectronic
hetero atom to yield six-membered heteracyclics, e.g., pyridine, pyrimidine etc.

SIS

Pyridine Pyrimidinc y-Pyran
(3) Condensed heterocyclics : These may consist of two or more fused rings which may be

partly carbocyclic and partly heterocyclic, e.g., )
© NH

Quinoline . '
Some of the hetero cyclic rings such as ethylene oxide, y-and §- lactones are not considered
as heterocyclic compounds because :

-
s

Isequinoline Indole
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(i) These compounds do not exhibit aromatic properties like sulphonation, nitration etc.

{ii) These compounds are not very stable. Their rings may be opened very easily.

(iti) These compounds do not contain conjugated double bonds.

Aliphatic compounds, which look like heterocyclics but may not be regarded as heterocyclics,

are
0]
[l .
CH—C_ CHy\_ CH,—CH,— CH,
I /0 { /0 | {
% Ethylcne oxide ¥ Butyro lactone
Succinic anhydride

» 4.4. PYRROLE

[1] Preparation

(1) Isolation from bone oif : Bone oil is obtained by the dry distillation or pyrolysis of animal
by-products, e.g., bones, horns, hooves, etc. Pyrrole can be isolated from bone oil, by washing the
latter with dilute sulphuric acid to remove the basic substances. Then it is washed with dilute alkali
to remove acidic substances and is finally subjected to fractional distillation. The fraction between
100° and 150°C contains pyrrole, which can be removed by boiling with potassium hydroxide. On
steam distilling of the potassium salt so formed we get pyrrole, which is purified by distifiation.

CJHNK + Hy0 =, ¢, H,NH + KOH

Potassio pyrrole distillation Pyrrole
(2) Distiffation of succinimide with zinc dust gives pyrmrole.
CHy— CH;
| |z, || ||
co co 4 N
\N/ H
H Pyrmole
Succinimide

(3) Pyrrole can be obtained by passing a mixture of acetylene and aramonia through a red hot

tube.
CH CH—CH
20| +NHy—> || |
H CH CH
AN
N
H
Pyrrole

(4) Pyrrole is obtained by distilling a mixture of ammonium mucate and glycerol at 200°C.
(CHOH),COONH; G ey CH—CH
—

i :
(CHOH),COONH; *°C CH CH
Ammonium mucate \ N/

+2C0; + NH; +4H;0

H
(1] Resemblance With Aromatic Compounds
(i) Like benzene, pywole has a sextet and so exhibits the aromatic properties like stability and
ability to form substitution products.
(ii) Pyrrole on oxidation forms maleic imide. Benzene also forms maleic anhydride.

CH=CH -H,0 CHCO-
SSNH+3[0] —— [ >NH
CB=CH~” CHCO
Pytrole Maleic imide

(iii) It shows aromatic substitution reactions. The substitution mainly takes place at &-positions
(2 and 5) because of high electron density as shown below.
(a) Halogenation



ml Br f | Br
N + 4.81'2 Br | N | Br + 4HBr
i I

H H
Pyrrole 2,3,4,5-Tetra

bromo pyrrole

[ + v, 0, [
N 5 " Tee NN

{b) Nitration

+H,0
NO,

n H
Pyrrole 2-Nitropyrrole
(c) Sulphonation
I 1 +so, Pyidine |
IIJ 100°C lﬁ SOH
H H
Pyrrole Pyrrole
2-sulphonic acid
(d) Acetylation
SnCl
[ ] +cmcopo S8, [ ]
?*rT 1|\T COCH; + CH,COOH
H H
Pyrrole 2-Acetyl pyrtole

[} Resemblance with Aromatic Amines

{t) Basic nature : The N atom in pyrrole contributes its lone pair of electron in the ring to
form a (4n + 2) & electron system. Thus, the availability of lone pair of electrons on nitrogen atom
decreases for protonation. Therefore, pyrrole is a weak base (pK;=3.4). It reacts with dilute
hydrochleric acid to form a crystalline hydrochloride, which is stable in absence of oxygen, otherwise
polymerisation occurs rapidly to form a brown resin.

m+HCl — U

|

u—-—-—-b
Polymerisation Brown resin

H
Pyrrole \._,_J
Cl-
Pyrrole hydrachloride

(MNon-aromatic)
(ii) Alkylation : Pyrrole reacts with methyl iodide at 60°C to form N-methy] pyrrole which
on heating rearranges to give 2-methyl pyrrole.

m +CHl —— 6D°C U U\CH

f
H CH;

Pyrrole N-Methyl pyrrole 2-Methyl pyrrole
(iii) Acetylation : Pyrrole reacts with acetyl chloride at 80°C to form N-acety] pyrrole.

|| I]+CH3COCI—89~£»' Il +Hct
N N .

I [
H COCH,

Pytrole N-Acetyl pyrrole
{iv) Action with HNO, : Pyrrole reacts with HNO, to give nitroso pyrrole which indicates
the presence of secondary amino group.

I 1 +ano, — I 7 +mo
) Y

|
H NO
Pyrrole Nitroso pyrrole
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[IV] Resemblance with Phenols tloir
(1) Acidic nature : Pyrrole exhibits weakly acidic nature (K = 107'5) and forms alkali metal

salts, e.g.,
U] e I ] +mo0
N N

Pyrrole Potassiopyirole
The acidic character of pyrrole is due to two reasons :
(i) The relatively easy dissociation of proton attached to nitrogen atom.
(i1) The greater stability of the pyrrole anion as compared to pyrrole,

@gHD_ — 1 H_@ HE:]—

Pyrrole also reacts with Grignard reagents to form salt-like N-magnesium halides, which also

points to its acidic character.
“ Il CHyMgBr || II +C
N N

H I.\;IgBr
Pyrrole magnesium
bromide

Pyrrole also reacts with solid NaOH or solid KOH to give sodio or potassio pyrrole.

HH(OH e | | +H,0
) Y

|
H
Potassio pymrole

(i) Kolbe Schmidt reaction : Potassium pyrrole reacts with CO, at high pressure to give
potassiopyrrole 2-carboxylic acid.

ngh
[1 N}l 02 o™ [ I _coon

!

K
I’utasswp}n‘oie
2-carboxylic acid

(iii) Reimer Tiemann reaction : Pymole reacts with CHCly and KOH to give pyrrole

2-aldehyde.
High
“ N u + CHCl; + 3KOH TE—-’ l | cHo t 3KCl + 2H,0

}
H H

Pyrrole . Pyrrole 2-aldehyde
(iv) Reaction with iodine : Pyrrole reacts with iodine in presence of alkalies to form tetratodo
pyrrole.

I .
I 1] +a,+akon —» L | KL+ 410
1 - I
‘f )
H H
Tetraiodo
pyrrole

(v) Coupling reaction : Pyrrole reacts with benzene diazonium chloride to form 2-phenyl

azopyrrole
H H
Pyrrole Benzene diazonium 2-Pheny) azapyrrole
chloride



[V] Conversions of Pyrrole
(i) Pyridine n t

“ [I £2CHONa + CHL, 200°C @ +2CH,OH + 2Nal
. N Sodium  Methylene N
PII methoxide  iodide Pyridine

Pyrrole
{i1) Pyrrole 2-carboxylic acid

CH3\rigI
[]M{ [] [1 [:LL —OMgl
H-on / OH
[ 1—c0011+Mg

H Mgl
H Pytrole

2-carboxylicacid

{V] Resonating Forms of Pyrrole

(P O Lb—

iI:'Z-ﬁ-

* 4.5. THIOPHENE

Thiophene is present in coal tar and is distilled in the benzene fraction.
(1] Preparation

(1) From coal tar : Benzene obtained from coal tar contains thiophene. It is treated with cold
concentrated suiphuric acid, when thiophene is sulphonated more readily than benzene, Thiophene
sulphonic acid is soluble in water and is removed on extraction with water. Thiophene sulphonic
acid is treated with superheated steam to obtain thiophene.

A better method is to reflux the mixture of benzene and-thiophene with aqueous mercuric
acetate. Thiophene is mercurated, while benzene remains unaffected. Separation of mercurated
derivative and its distillation with hydrochloric acid gives thiophene.

(2) Manufacture ;

(a) Thiophene is manufactured by passing a mixture of acetylene and hydrogen sulphide
through a tube containing Al,O5 at 400°C.

CH ALO,,400C CH—CH
2 +HS ——— | )
CH ~H, C{ /CH
S
Thiophene

(b) At present, it is obtained commercially by reaction between #-butane and sulphur in vapour

phase.

CH,—CH, ¢s0c CH—CH

F | +4S —1 |

CH3 CH3 CH CH+3H25
n—Butane

(3) Laboratory method : Thiophene can be obtéined by heating sodium succinate with
phosphorus trisulphide.

Polynuclear Hydrocarbons and
Heterocyelic Compounds

Self-Instructional Material 107



Organic Chemistry
L

108 Self-Instructional Material

CH,COONa ps. (CH=CH

| s i ~ S :

CH,COONa CH=CH~” '
Thiophene

[(f] Physical Properties
Thiophene is a colourless liquid, B.P. = 84°C. It is insoluble in water but soluble in organic
solvents.
[} Chemical Properties
Chemically, thiophene resembles benzene rather closely in most of its chemical reactions. The
resemblance is due to almost similar molecular weight, similar shapes of the molecules and similar
electronic structures. As compared to furan and pyrrole, it is comparatively more stable.
Thiophene is aromatic in nature and is a resonance hybrid of the following structures :

N _' A _

Some important reactions of thiophene are as follows :

(1) Addition reactions : Thiophene is catalytically reduced to tetrahydrothiophene {thiophan
or thiolan). Catalytic reduction with hydrogen with Raney nickel (catalyst) forms n-butane, i.e.,
results in the removal of sulphur.

“ [| Hy/Raney Ni
S —_— CH}.CHz.CH}CHg

n-Butane
I
S S

Tetrahydro-
thiophene
(2) Oxidation : Thiophene cannot be oxidised to sulphoxides or sulphones, as it does not
form sulphonium salts, Reactions with H,O, opens the ring and sulphur is oxidised to sulphuric
acid.
(3) Electrophilic substitution reactions : Thiophene undergoes electrophilic substitution
reactions primarily at C—2 or C—S3. Substitution at C—3 or C—4 occurs only when both C—2
and C—S5 positions are occupied. The important substitution reactions are mentioned below :

H;8O4/raom tempetature
(Sulphonation) " N

]

SO,H
‘Thiophene-2-sulphonic acid

Bry/absence of halogen carrier
(Bromination) " Bre~ S “~Br

2. 5-Dibromothiophene

CH,COONOHCHZCOY0 I

{Nitration)

-

=

~§“~NO;
2-Nitrothiophens

.- CeHsCOCI/SNCl,
(Friodel-Crafls acylation) S

=

COC¢H;
2-Benzoylthiophene

HCIIOHCL
(Chloromethylation)

>

-

§~CH,C1
2-Chloromethylthiophene

- UL

[y

2-lodothiophene

1HeO
(lodination)




{4) Reactions with organometallic compounds : Thiophene reacts with butyllithium to give
2-thieny] lithium, which reacts wilh CO, followed by HCI to give thiophene-2-carboxylic acid.

CH
[ s]| » Gl —~=5 [ J 22 [ LCOOLl

2-Thieny] lithium
- HCI l l
= e g~-—COOH
. Thiophene-2-
carboxylic acid

(5) On treating thiophene with isatin and conc. H;SOy, a biue colour is obtained (Indaphemn

reaction).

H—C—CH H— C——CH

I
?—0 H—C—CH H—C CH 0 é? Cone. HpS0,
~CO N / 0 -ZHzO

N

! Thxophcnc Thmphcne

H H

Tsatin ' Isatin
HC —'CH HC =CH

I
omaR N SO
o s/ N8/ oCy

!
H
Blue cotour

* 4.6. FURAN

[} Preparation
(1) Furan is obtained by the distillation of wood, especially pine-wood.
(2) Furan can be obtained by oxidation of furfural with K,Cr;0O; and dil. H,SOy4 to give furoic

acid and subsequent decarboxylation at 200-300°C.

KoCr,00H " O
|| ,i__ﬁ_.. A ’ l

Futoic acid Furan

(3) Furan is obtained by decarboxylatlon of furfural in steam in presence of silver oxide
(catalyst) {Commercial method].

T D
o C—H Steam o + CO
Furfural Furan

e
(4) Furan is obtained by dry distillation of mucic acid and heating the product, furoic acid at
200°-300"C.

COOH

l Dry distillation HC—CH 4 HC—CH

(CHOH)y ———— || | — |

| -31,0.-C0, HC C.COOH -€0, HC CH

COOH \ o/ \/

Mucic acid 0]
Furoi¢ acid Furan

[li] Physical Properties

Furan is a colourless liquid, B.P. 32°C, with a chloroform like smell. It is insoluble in water
but is soluble in most organic solvents.
(1] Chemical Properties

Furan is aromatic in nature and is the resonance hybrid of the following five resonating

structures :
“ "J’: I + ﬁj\j S :+_ '
0 [ j o S0 0
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(1} Basic character : Furan is a weak base. It forms unstable salts with mineral acids. These
salts may either polymerise and form a brown resin or undergo hydrolysis to form succinidialdehyde.

Polymerisation Brown réesin
|| __|]+Hc1—- [ | { HzC CHz
0o O= C-—C 0
HlCl \ '!
Fuzan hydro-
chleride

(2) Electrophillic substitution reactions : Furan undergoes electrophilic substitution
reactions chiefly at C—2 or C—5. Substitution at C—3 or C—4 occurs only when both C—2 or
C—35 positions are already occupied. The electrophilic substitution reactions of furan are not carried
out in presence of strong acids, as it undergoes polymerisation. Some important reactions are given
below.

ClI;COONO; ' | ||
(Nitration) T NDPNNO;
2-Nitrofuran

SO4/Pyridine 2l ||

{Sulphonation) ” ~0 SOz;H
Furan-2-sulphonic acid

Bry . “ ” + HBr
Dioxane, 0°C O™ Br

2-Bromofuran

{CHACO),0/BF;
{Friede]l-Crafls acylation)

Yul

COCH;
2-Acetyifuran

| CoHClSnCl, H
5 Friedel-Crafis alkylati
Q (Friedel-Crafts alkylation) 0 CH;
Furin 2-Ethyl{uran
HCN/HCI

{Gatterman Koch synthesis) o

+ -
Cl NpX

(Coupling reaction)

;

CHO
Furfural

Y

-
An azo dye '
(3) Reduction : Furan is reduced by hydrogen in presence of nickel {(catalyst) to form

tetrahydrofufan (TIH ).
“ ” + ’)H* A‘.‘L.a . )
6 0

e

Teteahydrofuran

(4) Dieis-Alder reaction : With maleic anhydride, furan forms an addition product. The
addition occurs across C—2 and C—5 positions

== CH \ CH—C/
0O + |1 0 —_—r

= CH—C CH-—C So

Furan Maleic anhyd.ndc

(5) Ring opening reaction : Furan when treated wnh methanol and hydrochloric acid
undergoes ring opening with the formation of diacetal of succindialdehyde.

CIH2 ?Hz
|| . || + CH;0H + HGI —> ﬁH ﬁH
Q
: (OCH;); (OCHs),
Diacetal of succindialdchyde



(6} Reaction with butyl lithium : Furan gives 2-furyi lithium which undergoes the usual
reactions of organolithium compound.

H + CgHoLi ~CiHjo H— (8) CO; M )
& ? §-—Li oH &-—coon

z-rmyi lithium Furoic acid
(7) Conversion of furan into pyrrole aud thiophene.

H,S/ALO; ’—_ﬂ
450°C ~g
!I o~ II —_— Thjaphcnc .
_ Fi?m NH/ALO, )—_] ot
450°C ~N - “
: H
Pymrole

*+ 4.7. PYRIDINE

Pyridine is an important heterocyclic compound containing a six-membered ring. It may be
considered as derived from benzene by the replacement of = CH— group by nitrogen atom
= N—. It occurs in light oil fraction of coal tar and in bone oil. o
[1} Preparation . ’ : ) T
) (i) Laboratory method :. Pyridine 15 obtamed by diSI]]]mg mcotlmc acid (pyridine

B- czu‘boxyhc acid) with soda lime. _ L _
~- COOH istillati - ' '
o + 2NaOH. ———_-D'Stf fation @ + N2,C03 + H0
N e TN
Nicotinig acid . : Pynd:nc )

(ii) Manufacture : Commercially, pyrldme is obtained from fight oil fmcrson obtained by the

fractional distillation of coal-tar. The fraction’is treated with dilute H,S0, which absorbs pyridine

bases. The acid layer is separated and decornposed with Na,CO-. Thus, pyridine bases separate out

as dark brown oil. Pyridine can be obtained from it by fractional distillation.
. (iii) Synthesis :
(a) Pyridine is obtained by passmg a mixture of acetylene and HCN through a red hot tube.

2CH=CH + HON Redbet, (-
tube N

(b) Pyridine is also ¢btained by heating pentamethylene diamine hydrochloside followed by
reaction with conc. H,80, at 300°C,

~__ CH,CH;NH,HCI s Cone. 1804 [/
CH; VHCI °C A"
“NCH,CH;NH; HCl NHC N 300 N

Pentamethylenedismine Piperidine Pyridine
hydrochloride
[Il] Isomerism of Pyridine Derivatives
Pyridine ring consists of five carbon atoms and one nirogen atom. The number of isomers
depend on the relative positions of the substitutents as well as on their positions with respect to
nitrogen. So, the substituted products may be as follows :

4
s ran) 3 B' Y ﬁ
6 i 2 o ﬁ o

(i) Mono-substitution products : Three mono-substituted derivatives of pyridine (¢, (3, 7) are
passible. These three positions in pyridine are similar to ortho, meta and para positions of benzene.
So, three methy! pyridines CsH4N.CH; (picoline) are possible.

CH;

Gew O™ ©
NCH Sy N

a-Picoline B-Picoline y-Picoline
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Similarly, three pyridine mono-carboxylic acids (¢, B, ¥) CsH4N.COOH are possible.

COOCH
N COOCH N N
Picolinic acid Nicotinic acid Iso-nicotinic acid

(ii) Di-substitution products : If the two substitutent groups are similar then six di-substituted
products (2:3,2:4,2:5,2:6,3:4,3:5)of pyridine are possible.
[111] Physical Propetties

Pyridine is a colouriess liquid with a characteristic smell (B.P. = 116°C). It is soluble in water,
alcohol, ether etc. It is a weak tertiary base and can be distilled with decamposition. It is of
hygroscopic nature,
[IV] Chemical Properties

Pyridine is basic in nature and resembles benzene in many of its properties.

(1) Basic nature : The basic nature of pyridine is due to the availability of one pair of electrons
on hetero-atom, i.e., N. Due to this, it accepts a proton to form pyridinium ion. Thus, it is a tertiary
base and gives salts with inorganic acids and forms quaternary salts when heated with alky! halides.

HCI _

CsHsN —— (CsHsNTH)CI

Pyridine Pyridine hydrochloride
or pyridinium chloride

+
Ol +v5a — @
N N

Pyrnidine H
Pyridinium ion
Pyridine reacts with methyl iodide and forms quaternary ammonium which when heated at
300°C in a sealed tube, rearranges to form 2-and 4-alkyl substituted pyridine (Ladenberg’s
rearrangement).

CH,
_ CH;l A A, Scaled tube _ A
) —_— i —_— D i
*" \]‘:]: Reamangement N +
Fyridine / N\ /N s /N
CH, I H I H I
Methyl pyridinium a-Picoline y-Picoline
iodide hydroiodide hydroiodide

(2) Electrophilic substitution reactions : Pyridine undergoes electrophilic substitution
reactions at 3-positions only under vigorous conditions.

Explanation : Attack of the electrophile at 2-position (or 4- posntlon)—m pyndme leads to an
intermediate with only two important contributing structures. Three resonance structures are possiblé
for the intermediate produced by attack at 3-position, i.e., the intermediate produced by the attack
at 3-position is more stable. This is the reason that electrophilic attack occurs at 3-position. The
symbol E* in the following equations denotes an electrophile. '

(a) Attack at Z-posfﬁ'an

- [ — ] = QU

(b) Attack at 3-position

Oyt e 6 - O

-t
—_—



{i) Halogenation : Like benzene, pyridine is halogenated though less easily.

T+
{a) Atordinary temperature, dihalide [CsHsNBr] Br™ (1-bromo pyridinium bromide) is formed.

(b) At 300°C and in presence of charcoal (catalyst), 3-bromo- pyridine and 3,
S-dibromopyridine are obtained.

(_\/‘ Brp,300°C Bl‘ Br. Br
20N ’ Y f ‘
‘ﬁ‘ Chzm:oal ~!

3- Bromo- 3-5- D:hromo
pyridine pyridine

{c) At 500°C and in presence of catalyst, 2-bromopyridine and 2, §-dibromopyridine are

obtained.
< O+ m
O Ch.m,oal (Nj\Bl’ Br N Br

2-Bromo- 2-6-Dibroma.
pyridine pyridine

(i) Nitration : When heated with conc. Hy8O, and KNO4 at 300°C, 3-nitropyridine is formed.

N Conc. Hy$0, +KNOy oy NO2
At 300°C ~— S
N N

3-Nitropynidine

(iii) Su!phonanon The sulphonation of pyridine is difficult, If pyridine is heated with conc,
H,S504 at 350°C for a few hours, then pyridine 3-sulphonic acid is formed.

@ Cone., H,80, @/ SOsH
[ —_— ]
b 350°C gt
N N

Pyridine 3-sulphonic
acid

{(iv) Reduction :
{a) Pyridine on reduction with sodium and ethanol in presence of nickel gives piperidine.

H C/ CHz\C
TN Na/CH0H 2 H,
iUJ ———— | |

NH

(b) On heating with HI at 300°C, the reduction takes place by ring fission to form n-pentane
and ammonia.
C5H5N + |0HI — C5H12 + NH3 + 512
Pyridine n-Pentane

(3) Nucleophilic substitution reactions : In pyridine, nucleophilic substitution takes place
with ease at 2- and 4-positions, e.g., the hydrogen atoms of 2- and 4-positions are easily substituted
by OH, CN and NH; groups.

Explanation : Attack of the nucleophile at 3-position in pyridine leads to an intermediate
with three resonance contributing structures. Attack of the nucleophile at 2-position (or 4-position)
also gives an intermediate with three resonance structures, 4-position is attacked only when

2-position is blocked. In the following equations Nu : denotes a nucleophile.

(a) Attack at 3-position
AH H H
(R Off e O — O
i | Nu
N
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(&) Attack at 2-position

(II
Nu N Nu Nu
More stable
—:H “
=, C\L
N Nu

Favoured product
(i) Action of sodamide : On heating pyridine in toluene solution with sedamide (NaNH,),

- ‘IUU"C Y
@ + NaNHz _NzH \_
N NH,

Pyridine -Ammo pyridine

2-aminopyridine is formed.

(ii) Action of organolithium compounds : 2-Phenylpyridine 1S obtained.

(_1 - L4IioL1 . (,(,H Li (_j\ ,
1! [ °

~ 3 Tooe T s

N7™CyH, N7~ CgHs

2-Burylpyridine 2-Phenylpyridine

(iii) Action of KOH : 2-Hydroxy pyridine is obtained.

300~C -
[\/.\/[ +KOH — [ +KH
N N7 OH

2-Hydroxypyridine

[V] Uses

Pyridine is used :

{1} As a solvent,

(i) In denaturing of alcohol. s

(iii) In acetylation, benzoylation and mo]ecular welght determinations of many acids and also
as a catalyst in various reactions.

(iv) In the manufacture of derivatives like vitamin Bg and sulphapyridine. (Sulphapyridine drug
has played an important role in curing pnewmnonia, gonorrhea and other infectious diseases).
[VI] Structure

(1) Molecular formula : From elemental analysis and molecular weight determination the
molecular formula of pyridine is found to be  CsHsN.

(2) Aromatic character : In most cases, pyridine resembles benzene, e.g.,

(a) It is a stable compound and is not oxidised by KMnO,4, HNO3, K,CrO,, etc.

(b) Like benzene pyridine can be nitrated, sulphonated and halogenated,

(c) The amino derivatives of pyridine can be diazotized and coupled in the usual way.

(d) The hydroxy derivatives of pyridine show phenolic properties.

o Gl
L) —._..——b !
N CH; Oxidation N COCH

w«-Picaline Picolinic acid
CH; COOH
1 * . )
S
—_—
Oxidation
Taluene Benzoic acid

(e} Inspite of being unsaturated, pyridine gives substituted compounds with bromine and
chlorine. '

(f) On oxidation, alky! pyridines give pyridine carboxylic acids.

(3) Presence of a tertiary nitrogen atom : Pyridine reacts with alkyl halides to form
quaternary Salts.

+ -
C5HsN + CH;l — [CsHsN.CHa)
. Pyridine Methy) pyridinium iodide



This clearly shows the presence of a tertiary nitrogen in pyridine.

{4) Presence of 5 carbon atoms and a heterocyclic compound of a tertiary nitrogen atom
and presence of three double bonds : On feduction with sodium and alcohol, pyridine takes up
6H atoms to form piperidine like benzene which forms cyciohexane. Addition of six hydrogen atoms
Suggcsts the presence of three double bonds in pyridine like benzene.

CHN + 6H —uction, CSH”N or O
N

Pyridine Piperidine
Reduction
C6H5 +6H — CﬁH] 2
Benzene Cyclohexane

Piperidine contains a six-membered ring of five carbon atoms and one nitrogen atom which
cart be shown fram the following synthesis.

.-CH,CH,;NH, HCI CH,—CH.
H,C SRR Disilled , 1, - s 2\
N\ CH,CH,NH,HCl ~ ML N CH:,_——CHZ/
Penta-methylene diamine ~ HCI Piperidine
hydrochloride

Piperidine s a closed chain compound and hence pyridine must also be a closed chain
compound because piperidine is obtained by mere addition of hydrogen to pyridine.

{5) Korner’s formula : Keeping all the above facts in view, Korner (1864) suggésted the
following ring structure for pyridine which is very simtlar to that of benzene.

~ CH~ ~CH~

5N
HC " CH HC ™ CH

Benzene Pyridine

_ {6) Assuming the above structure of pyridine, it forms three possible mono-substituted
compounds.,

1
CH ~CH : PR
HC_ ' €c—X  HC_" CH HC_ " CH
SN N AN
2-Substituted pyridine 3-Substituted pyridine 4-Substituted pyridine

{7} Confirmation : The above structure has been confirmed by its synthesis,
{a) When a mixture of acetylene and hydrogen cyanide is passed through a red hot tube,
pyridine is formed.

/ 2 CHN
€ Redhottube ~ HC CH
HQ H@ - H(|.', %H
H—C=N \N‘/
Acctylene (2 moles) + one Pyridine

molecule of hydrogen cyanide

{b) Pentamethylene diamine hydrochloride on heating gives piperidine which on oxidation
with conc. H;SOy4 at 300°C gives pyridine.

Polynuctear Hyvdrocarbons and
Heterocyclic Compounds
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/ CHZCH;;,NHZ.HCI 'A o CHZ—"CHZ .
H,C EYTETORR s s
CH,CH,NH,.HCI ' . : CH,—CH,

Pentamethylene diamine Piperidine
hydrochleride

300°C

-3H,0 ‘I'

Conc. H380,
30

-~ CH~
HC .. CH

BN
HC_ " CH
~n
Pytidine
(8) Other formulae : Various other formulae were suggested for pyridine but they were

rejected on the same ground as for benzene, \

CH CH CH
HC@ CH HC m CH HC 513 CH
HC\# CH HCSy~CH HCK Y cn
Komer (1869} Reidel (1882) Bamberger (1892)

However, the formula proposed by Korner best accounts for the properties of pyridine and
the synthesis already cited goes to confirm it.

(9) Resonance formulae : Present view about the structure is that pyridine is a resonance
hybrid of the following two Kekule's structures and three charged structures. The resonance energy

of pyridine is 125.5 kJ mol .

+
= - = o~
]/Hgd—b@+d—i@4——h+@
N N N N N

o a any v )
The stability, aromatic character and formation of quaternary salts of pyridine find a
satisfactory explanation in terms of resonance.

» 4.8. INDOLE

Indole is known as 2, 3 benzopyrrole (CgH;N). It is a five membered condensed heterocycle

N N
7H H

[1] Preparation (Fisher-Indole Synthesis}
When phenylhydrazone of pyruvic acid, CH;—CO—COOH is heated with ZnCl, catalyst, it

gives indole-2-carboxylic acid which decarboxylates to form indele.
H,C

and is represented as :

3 COOH
\ir anlzf& t‘ 25(]°C “
N-N TONH, N;COOH co,
H
Pyruvic acid Indclc 2- Indole
phenylhydrazone carboxylic acid

[1] Physical Properties

Indole forms colourless crystals, mpt. 52.5°C. It has a strong fecal odour. In dilute solutions,
it has a flowery odour and is used in perfumery for preparing orange blends and jasmine. Indole is
soluble in hot water, alcahol and ether.
[I] Chemical Properties

Chemically, indole resembles pyrrole. It is basic and gives electrophilic substitution reactions,
such as nitration, sulphonation and halogenation at 3-position, It is due to greater stabilisation of
carbonium ion intermediate as compared to that in 2-substitution. If both 2- and 3-positions are
occupied, substitution occurs at 6-position in the benzene ring.



On reduction, indole forms indoline (2, 3 dihydroindole) and octahydroindole.

O\/j Rancy Ni @j Sw/HCI
T | ] —— [ |
N 2 N N

H H H
Octahydroindole Indole Indolene

* 4.9. QUINOLINE

Quinoline is a bicyclic heterocyclic compound having a benzene ring fused with a pyridine
ring in 2, 3 positions or it is a six membered condensed heterocycle. It may also be considered as
naphthalene in which one CH in position-| has been replaced by N. Quinoline is also known as

|-azanaphthatene.

[N Preparation (Skraup’s Synthes:s)

To obtain quinoline a mixture of aniline, glycerol and sulphuric acid is heated in presence of

a mild oxidising agent such as nitrobenzene. The reaction is exothermic and so it tends to be violent
and FeS0O, is also added as a moderator. "

. (EH;OH
H;S80,4/FcSO, -
NHZ r 615Ny, H
CH,OH Quinoline

Giycerol

Mechanism : The Skraup’s synthesis is supposed to proceed by the following steps :
(i) Glycerol dehydrates with HySO, to form acrolein.

OH OH OH gy

l | ——5 CH,=CH-CHO +2H,0
2 2
CH,—CH—CH, Acrolein
Glygcerol
(1) Acrolein undergoes 1, 4-addition with aniline.
~H _H
o=c{ HO—C L <e
OHCN , siiion
+ ¢y Addin C ‘\
NH; I N Hy S N/CHz
Aniline CH,
Acrolein ﬂ-Ani]Inﬂpmpmn- (Erlnl)

aldehyde
(iii) Resulting B-anilinopropionaldehyde cyclizes to form dihydroquinoline.
H
-~

Cx
CH ) I(':I\CH
SR, mem G50 e
N2 N-CH;

H H
Dilbydroquinoline

(tv) Dihydroquinoline is oxidised to quinoline, while nitrobenzene is reduced to aniline which
is re-used.

: 2
CscH SCH
CH  CeHsNO, £ 1,0
NfCH; N5CH
H Quinoline

[ll] Physical Properties

Quinoline ts a colourless liquid, B.Pt. = 238°C. It has a disagreeable pyndme like odour. It is
soluble in water and completely miscible with alcohol, acetone and ether.

Potynuctear Hvdrocarbons and
Heterocvclic Compornds
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[Hi] Chemical Properties

Chemically, qumolme gives all the reactions of - pyndme and electrophilic substitution
reactions of the benzene ring.

{1) Formation of salts : Quinoline is slightly weaker base (K, = 6.3 x I(}_m) than pyridine,
Like other tertiary bases, it forms salts with acids and reacts with alky) halides to form quatemary

salts.
+ HCl —— e
N N+

. | :

Quinoline HCI”
Quinoline hydrochloride

3
N-Methylquinolininm
iodide

(2) Electrophilic substitution reactions : Quinoline gives electrophilic substitution reactions
in the benzene ring and not in the more resistant pyridine ring. The electrophile preferably attacks

position 8 and 5.
5 4
6 3 Halogenation ‘,_j
[ i ———e—
A+ et
7 N] 2 Bl’z N

8

-Bromoqumohne
8-Bromoguinoline

Nitration
HNO3/H,S0,
A 3 NO, 5-Nitroquinoline
g '::) 2 —_— 8-Nitroguinoline
SOsH
8 Ny 3
Sulphonaticn +
——————————
$03/H,804/220°C N N
SOsH Quinoline-5-sufphonic
Quincline-8-sulphonic acid
acid

{3) Nucleophilic substitution reactions : These reactions occur at positions 2- and 4- in
quinoline which is electron deficient due to electron withdrawl by nitrogen atom (compare with

pyridine).
————rNa:Hz o o + NaH
N NH;
2-Aminoquinofine

,_
"y

2-Phenylquinoline

(4) Oxidation : On vigorous oxidation, with alkaline potassium permanganate, quinoline gives
pyridine 2, 3-dicarboxylic acid.



o Y, KMnO4 - COOH COOH
N COOH COOH
Pyndme, 2, 3-

dicarboxylic acid
(Quinolinic acid)

On heating, quinolinic acid decarboxylates to give pyridine-3- carboxylic acid (nicotinic acid).

COOH COOH
G e G

N" *cooH
Quinolinic acid Pyndmc .
: 3-carboxylic acid
(5) Reduction : Quinoline is easily reduced to form 1, 2, 3, 4- tetrahydroquinoline. The

benzene ring being more resistant is not reduced,
o) +oH, =2,
CoH;OH

N N
Quinoline H
1, 2, 3, 4 Tetrahydroquinoline
The reduction can also be carried out with Sn/HC] or Zn/CH;COOH.
[IV] Uses
Quinoline is used :
(i) As a high boiling basic solvent in organic reactions.
(ii) In the manufacture of dyes, pharmaceuticals and insecticides.

¢ 4.10. ISOQUINOLINE

Isoquinoline is also a six membered condensed heterocyclic compound and is also known as

2-azanaphthalene. It is represented as :
5 4 .
YORICOGIICE
or &
g 12
{I} Preparation

(i) From Bischler-Bapieralski synthesis,

H, H Hy
C~cn, + (]:20 _COH o ¢H -
! [ (-HCY 2
NH; & l_NH
2-Phenylsthylamine Formyl (!:
chloride H
N-Formyl-2-
H, phenylethylamine

Pd A
ZN -H ~«N
Isoqumo]me

or e {3
N
{ii) From cinnamic aldehyde.

({ L% '
o o Y

C~
e CH2 P58
SOR | =
2 o 1}' / N 2
H,c7
]![ 3,4- Dlhydro iso-
(Enﬂl rom) quinoline

CH=[0 + H,|N—OH SCH
Hydroxylamine N

Cinnamic aldehyde : |

Cinnami¢ aldoxime

Polynuciear Hvdrocarbons and
Heterocyctic Compounds
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. H CH

H,S0, \CH \\CH ] x
e o - . .
Beckmann /f 1!1 -H,0 0 - /Il\I o ~N

rearrangement u CH 7 Tsoquinoline

[} Physical Properties

Isoquinoline is a colourless solid or liquid M.Pt. =23°C, B.Pt. = 243°C. It s insoluble in water
and soluble in most of the organic solvents.
[151] Chemical Properties

Chemically, isoquinoline closely resembles quinoline. Thus, it is also a monoacid tertiary base
and is reduced.to 1, 2, 3, 4-tetrahydro- isoquinoline. It undergoes electrophilic substitution reactions,
e.g., sulphonation and nitration at 5—or 8—position and bromination at 4-position. The nucleophilic
substitution reactions occur most readily at position-1.

On oxidation with KMnG,, isoquinoline forms phthatic acid and 3, 4 pyridine dicarboxylic

acid.
KMnO, COOH HOOC ~
A T ' N
COOH HOOC

Phthalic acid 3, 4 Pyridine dicarboxylic
acid

* SUMMARY

*  Polynuclear hydrocarbons contain more than one aromatic rings.
s  Polynuclear hydrocatbons are of two types, viz.;

isolated polynuclear hydrocarbons, e.g., (Diphenyl)

and tused pelynuclear hydrocarbons, e.g., @ (Naphthalene)

« In naphthalene, two benzene rings are fused in ortho positions.

* Heterocyclic compounds are cyclic compounds which have hetero atom(s) at one or more
corners of the ring in addition to carbon atoms, e.g., furan, pyrrote. thiophene.

»  Pyridine has 2 tertiary nitrogen present and contains three double bonds,

»  Skraup’s synthesis : A mixture of aniline, glycerol and sulphuric acid is heated in presence ot
mild oxidising agent (CgHsNO,) and FeSO, is added as a moderator to obtain quinoline.

* STUDENT ACTIVITY

1. How is naphthalene prepared from benzene ?

2. What are heterocyclic compounds ?




3. Describe the electrophilic substitution reactions of thiophene. Polynuclear Hydrocarbons and
Heserocyclic Compounds

4, Mention Fischer-indole synthesis.

5. Mention Skraup’s synthesis,

* TEST YOURSELF
1. What are polynuclear hydrocarbons ?
2. Describe the methods for the preparation of naphthalene.
3. Discuss the important properties and uses of naphthalene.
4.  Starting from naphthalene, how will you obtain the following compounds 7
(i) o-Naphthol (ii) B-Naphthol
(iii) a-Naphthylamine (iv)y p-Naphthylamine
(v) o-Nitronaphthalene (vi) B-Nitronaphthailene
(vii) g-Chlaronaphthalene (viii) B-Chloronaphthatene
(ix) Phthalic acid (x) Phthalimide
(xi) Anthranilic acid (xit) Tetralin
{xiti} Decalin {xiv) Salicyclic acid
(xv) Phthalic anhydride (xvi} Aspirin
{(xvii) Phenolphthé]ein (xviii) Qil of winter green
5§, Describe the methods of preparation, properties and uses of anthracene.
6, How is alizarin obtained from anthracene ?
7. What are heterpcyclic compounds and give their characteristics ? Classify them.
8. Name three aliphatic substances which may be regarded as heterocyclic in nature.

9,  How pyrrole differs and resembles from aromatic ‘compounds ?

10, How is pyrrole prepared ?

11, Describe the preparation and properties of the following compounds :
(i) Thiophene  (if} Furan (iii) Pyridine
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12. Show that pyridine is a heterocyclic compound having one nitrogen atom,
13. Describe Fischer-indole synthesis.

14. Describe the reactions of indole and explain the mchanism of electrophilic substitution

reactions of indole.
15. What is quinoline ? Mention Skraup’s synthesis including its mechanism,
16. Describe the properties and uses of quinoline,
17. What is isoquinoline ? Describe Bischler-Bapierlski synthesis of isoquincline.
18. Describe the important chemical propetties of isoquinoline,
19. Naphthalene may be purified by :
(a) Crystallization (b) Distillation (c) Sublimation (d) Steam distillation
20. The number of isomeric mono-substituted derivatives formed by anthracene are :

(@2 (b) 3 ()4 @ 35
21. Which one of the following does not contain pyrrole ring ? .

(a) Chlorophyll (b) Haemoglobin (c) Camphor (d) Nicotine
22, Which one is most reactive 7 ’

(a) Pyrrole (b) Furan {¢) Thiophene (d) Benzene
23. Which one of the following will show Diel’s Alder reaction ?

(a) Pyrrole (b) Furan (c) Thiophene {d) Pyridine
24. Benzene and thiophene can be separated by :

(a) Fractional distillation (b) Conc. HCI

(c} Conc. Hy80, {d) Conc. HNO;
25. Thiophene on treatment with isatin and H,SO, gives the following colour :

(2) Blue (b) Black (c) Red {d) Green
26 Fill in the blanks :

(i} In naphthalene each carbon atom §§ ........... hybridized.

(ii) Anthracene is obtained from ............ fraction of coal tar.

(iii) Pyridine reacts with sodamide in toluene solution to obtain ...........

{iv) Pyrrole resembles with ............ and ............ in chemical properties.

(¥) Pyridine is ............ basic than pyrrole.

(vi) Pyridine is obtained from ............ fraction of coal tar.

(vii) Pyridine on reduction with HI at 300°C gives ..........and ... .

ANSWERS
19, (&) 2. (b) 21.{¢c) 22.(a) 23.(b) 24.(c) 25.(a)

26. (i) sp2 (ii) green oil  (iii) 2-aminopyridine (iv) phenol, aromatic amines
(v) more (vi) light oil  (vii) n-pentane, ammonia.

Qaa
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«  5.1. REACTIVE METHYLENE GROUP

il Reactive Methylene Group

A methylene group (—CHy—) directly bonded to two electron withdrawing groups such as
—COCH;, —COO0C,Hs, —CN is known as a reactive methylene group. This is so because the
—CH,— group in the above mentioned groups is acidic and reactive, The class of compounds
containing a reactive methylene group is known as active methylene compounds. Ethyl acetoacerate
{acetoacetic ester) and diethyl malonate (malonic ester) belong to this class.

Reactive

/ methylenc group \
0 0 O 0
] It Il l
CHJ—C C—OC,H; HsC,0—C C—O0C;H;

Ethy! acctoacetate Diethy! malonate
{Acstoacetic cster) (Malonic ester)

[] Compounds Not Containing Reactive Methylene Group

Compounds like propane, acetone, ethyl acetate eic. contain a methylene group which is either
placed between two electropositive groups or one electropositive and one electronegative group.
Therefore, they do not contain an active methylene group.

CH,;—CH,CH,, H—CH,COCH;, H—CH,—COOC,H,,
Propane Acetone Ethyi acetate

[(N1] Main Characteristics of Compounds Containing Reactive Methylene Group
(1) Form sodio-derivatives with Na or C,H;ONa.

_COOCHs

™\ CoOC,H,

_Co0C:H;
Na—CH \ -+ CzH_q OH
COOC,Hs

HEC C,HONa

Reactive Methyiene Compoinds
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(ii) Exhibit tautomerism and hence can exist in keto and enol forms, e.g., ethyl acetoacetate
exists as follows :
| i oH
CH3——C——CH2COOC2H5 = CH;—C-":-‘ CHCOOCgHs

Keto form Enol form
(93%) (7%)

(iif) React with oxygen of aldehydes forming unsaturated compounds.
H

H
J |
—C= C< — —C=C< +H,0
[IV] Synthetic Importance

(1) The hydrogen atoms of the —CH, group can be easily replaced with sodium one by one.
The sodio-derivatives so obtained can readily react with compounds containing reactive halogen
like CH;31, CH4COCI etc. to form a variety of important compounds.

Na
/COOCgHg, C,HONa ;/COOC;HS CHyl
< RO S He N
COOC,Hy ~coocH, ™

CH; CH;

| -COOCH;s | COOH
HC/ LS H40/ —2  CH,CH,CO0H
\COOC2H5 2GH0H ™~ cooH "% Propionic acid

{(2) The hydrogen atoms of —CH,— group can react with oxygen of aldehydes to form
unsaturated compounds.

CH;CH== C

H

COOC,H; COOC,Hs
- — 5 CH;CH= c<

- H0
Acetaldehyde ~ COOCH; COOC,H;
Diethyl malohate .
COOH
%‘l—> CH;CH= C< —2_ CH,CH= CHCOOH
~¥GARO0H COOH - €0, Crotonic acid

* 5.2 ACIDITY OF o-HYDROGENS

Ethyl acetoacetate contains a methylene group (—CH,—) joined to two carbonyl groupé. The
C—H bond in CH, group is readily ionisable because the proton removal forms a very stable
carbanion.

I T 0
CH;—C—C—C—0C,Hs = CH;—C—CH—C—OC;H; + H*
| Carbanion
H (Stable)

The acidity of the C—H bond of methylene group is due to the following twe factors :

(i) Inductive effect : The inductive effect caused by the electron attracting power of the
electronegative oxygens of the two carbonyl groups weaken the C—H bonds. 8o, the H atom can
dissociate to give a stable anion.

8" &
0 0 O .0
b R |
—C+C~C— —» —C—C—C—+H
4
8 Carbanion
H (Stable)

(ii) Resonance stabilisation of carbanion : The acidity of the C—H bond is appreciably
increased because the negative charge in the carbanion is delfocalised into the two carbonyl groups
by resonance. The highly resonance stabilised carbanion may be shown as :

Ethyl acetoacetate is quite acidic and when treated with a strong base such as sodium ethoxide
{C;HsONa), forms its sodium salt.



f_%
CH3C—CH~—COC,H;
i

¢
)
CH3C=CH—COC,Hj

)

o 0
l |
CH3C~—CH= COC,Hj |

O\HS 0 o + 0 .
I I et I Naoy
CH;—C—CH—COCyHs =2 ", CH;C—CH—CQC;yH;s+CyH;0H
Ethyl acetoacetate Sadio ethyl
acetoacetate

Alkylation : Ethyl acetoacetate anion is nucleophilic and reacts with alky) halides to give
alkyl acetoacetic ester.

0 ¥,/ 0 O R O
= Y i1
CH;C—CH—COC,Hs + R—Br —» CHy;C—CH-—COC,Hs + NaBr
Sadio ethyi acetoacetate Alkyl aceto acetic ester

[] Acidity of o-Hydrogens in Diethyl Malonate

Like ethyl acetoacetate, diethyl malonate also contains a methylene group joined to two
carbonyl groups. The H atoms of the CH, group are acidic. They are also due to the same two
factors, viz.,

(i) Inductive effect, i.e., the electron attracting power of the electronegative oxygen of the
carbonyl group and

(it) Resonance stabilisation of the resultant anion (diethyl malonate anion).

(H) % (1? ! i
H;C,0-—C—CH—COC;H; == HsC,0C—CH—COC,Hs + H"
Diethyl malonate Dicthyl malonate ion

So, the diethyl malonate anion is highly resonance stabilised so that its negative charge is
delocalised into two carbonyl groups.

I

H;C,0C—CH—COC,H;

0 0
I

I
HS C20C= CH ‘_COC2H5

b

(I
HsCz OC—CH= COCZ H5“J

Therefore, CH, group being quite acidic, diethy] malonate reacts with strong base like sodium
ethoxide (C;HsONa) to form the sodium salt,

COOCH =~ COOCH
H2C< 2415 CzﬂsﬁN‘f NE+HC< OCZ 5 + CszOH
k COOC;H;s COOC,H;
-Acidic bydrogens Sods dtot
malonate

Alkylation : Diethyl malonate anion is nucleophilic and reacts with alkyl halides to form
diethy! alkylmalonate.

7 ~COOCH COOCH
SO0 N G R SO0
\COOC,H;s \COOC;H;

Diethy! alkylmalonate

Reactive Methylene Compounds

Self-Instruction Material 126



Organic Chemistry 1l

126 Self-Instruction Material

» 5.3. DIETHYL MALONATE OR MALONIC ESTER

[I] Preparation

Diethyl Malonate is obtained by the Interaction of acetic acid and chlorine as follows :

{1y Monochloroacetic acid is obtained by the treatment of acetic acid with chlorine.

(3i) Monochloro acetic acid is neutralised in aqueous solution with K;CO; to obtain potassium
chloroacetate.

(iii) Potassium chloroacetate is then treated with KCN and the solution evaporated ta dryness
to obtain potassium Cyanoacetate. '

(iv) Potassium cyanoacetate is heated with absolute alcohol in presence of dry HCI gas when
hydrolysis and esterification take place simuitaneously with the formation of diethyt malonate.

(vi) The ethereal fayer is washed, dried over anhydrous CaCl, and distilled to recover ether.

(v) The product is cooled and poured in ice cold water and the maionic ester so obtained is
extracted with ether.

(vii) The oily residue is fractionally dlsnllecl and the fraction ottained between 195°—200°C
is s pure diethyl malonate.

Cl
K,CO
CH;COOH —--> ch/ K0 e SN
Aceticacid  ~HC ~ COOH -H,0 \ CO0OK -KCl
Chloroacetic acid -C0O, Potassium chloroacerate
CN COOH COOC,H;s
2H,0 2C,H,OH
H2C< H dzl is H2C< ” HZC(
COOK  “Tgen” cooH MO COOC,H;
Potassivm Malonic acid Diethyl malonate
cyanoacetate

[ Physical Properties
Diethyl malonate is a colourless, pleasant smellmghquld boiling point= 199°C. It is sparingly
soluble in water.

[lI] Synthetic Importance

(1) Synthesis of Substituted Malonic Acids

COOC,Hs - COOCH;

CHONa

e CH,i
2
™~ COOC,H; ~CH:OH

~ TcoocHs N
COOC,H;
cu.cd _mon ey end

\COOCQH 2RO ~

Methyl malonic ester

NaHC

COOH

COOH

Methyl malonic acid

(a) Dialkyl malonic acid.
COOC;Hs -~ H,0N CH COOC;H; c
ot a e / H,l

Na/ COOC,H;

Methy! sodio malonic ester

COOH

CH';CH/
N COOC,H; ~CHOH

Methyl malonic ester

CH COOCH CH
3\C/ 2115 2HOH 3\.C/

~Nal

e D COOCH, oM
Dimethyl malome ester
(2) Synthesis of Monobasic Acids
(a) Acetic acid.
COOC,H;

HZC/ 2HOH "

Hydrolysi
"\ COOCH;s e gron

Malonic ester

(b} Propionic acid,

CH3 AN / COOQH; 2ZHOH
B AN COOC,Hy —2C2Hs0H

Methy! malonic ester
(From miethod (1)]

cHy” NCooH

Dimethyl malanic acid

C/COOH Heat

™\ cooH

Matonic acid

2, CH,COOH +CO,

Acetia acid

CHy~, /’COOH Hest |
5’ NCoOH <0
Methy! malonic acid

CHy Sed H o CHyCH,COOH
H” SCOOH propionicaicd
Propionic acid {Propanoic scid)



(¢) n-Butyric acid, . )
/COOCQHJg CszoNn H \ /COOCij CZHSI

—_ =,
NcoocH, " N, / SNcoocHs

Sodio maionic
ester

H,C

e

CHy” N CO0C,H; CHs” " COOH
Ethyl malonic ester Ethyl malonic acid _ .
Heat | CH;CH,CH,COOH

0, n-Butyric aicd
(Butanoic acid)

H A C e COOCsz Hydrolysis H AN c /\'CO(S\H

{(d) n-Valeric acid. or pen!aﬂ;9£c acid
H A C e COOC,Hs C3HqBr H N c P COOC?_Hi HOH
Na”" NCOOCH; NB i, N CO0CH;

Propy! malonic ester

H\C/ COO H Heat

C;HsCH,CH,COOH
CH, COOH 0" n-Valeric acid
Propy! malonic acid (Pentanoic acid)
(3) Synthesis of Dibasic Acids
(a) Succinic acid.
COOC,H; COOC,H; .COO H
W [Najcu ca cH e
+ CO0C2H5 COOCzﬂs HOH COOH
+ COOC;H COOC,H; .COO H
/ 235 e /
Na C \ CH \ \ ~eee?
COOC2H5 COOC,H; COCH

Ethane tetracarboxylic ester
Hest  CH,COOH
—_— |

2002 CH,COOH
Succinic acid

. (Butane 1, 4 dioic acid)

(i1) Succinic acid can also be prepared as follows ;

ae COOC,H;.\ _ COOC,Hs /.coo H
Na C \ CH\ \ T
+ COOCHs COOCHs . COCH
~NaCl —_—
Cl | CH,.COOC,H; CH,.COOC,H; —3C2Hs0H  CH,COOH

Ethyl chloro acetate
yIenoro ace Heat  CH,COOH
——

<% ¢H,COOH

Suceinic acid

(b} Ethyl succinic acid,

CoH; C,Hs Clls ...
/coqus | /COOC2H5 \ _Acoon
Na \ \ C\ Sv=
COOCHs COOC,H; _HOH __ I \COOH
+ —NaCl -3C,HsOH
Cl |—CH,C00C,H; CH,COOC,H; CH,COOH
Ethyl chloroacetate .
(|32Hs
Heat
-C_Ozr ?HCOOH
CH,COOH

Ethyl succinic acid

Reactive Methylene Cbmpo:mds
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(c) Methyl succinic ncid,
CH;

CH;y CHy ..
N |/000C2H5 | cooc,Hs ] \coo H
2\ cooc,u c e
+ |  Sodio mcthylz ., "N COOCHs __HOH \COOH
malonic ester ~ —NaCl -3C,H4OH
Cl |—CH,COO0C,H; CHCOOC,Hs ' CH,COOH
Ethyl chloroacetate ?HS
Heat
~co,” HCOOH
CH,COOH

Methyl succinic acid
(d) Glutaric acid.
Hx o~ COOCHs H~__COOCH;

m/ \C00C2H5 y O\ COOCHs gox
—_—

e O COOCH;S

_COOC;Hs ™ /C\cooc )
B~ NCOOC,Hs H 2
Methylene Propane tetracarboxylic ester
iodide e
H {COGH
>C<cdbﬂ CH,COOH
Heat H C/ 2
\ /-COO-H 2c0; 27 \.CH,COOH
H ye ‘\ COOH Glutaric acid
(e) Adipic acid.
CHy[Br _Nal\ COOC;Hs CH—— /COOCZHs
H” "™ cooc,Hs i ™ COOC,H;
“ -2NzB
CHZ\ _COOC,Hs t _COOC,Hs
Ethylene dibromide  C CHz—”'_/C\
H COOC,Hs H COOC,H;
-éob-H
TN

COOH fest  CHa.CH,COOH
—
/.coo-H 202 CH,.CH,COOH

CH,——C i Adipic acid
B NCooH |

(4) Synthesis of Amino Acids

{a) Giycine :
COOC,H;s C|:00C2H5 COOCH
CH,CO
CH,  +HNO, 5g» C—N—OH““550 CHNHD| — g
COOC,H; COOC,Hs COOC,Hs
Malonic ester
¢ COOC,Hs COOH _
| HOH 1 Heat COOH
CHNHCOCH; —reom” CHNH; 5 |
; €02 CH,NH
| ~2C,H;0H I L]
COOCyH; (COOYH Glycine



(5) Synthesis of Unsaturated Acids
{a} Cretonic acid.

COOC,H COOCH
e 2115 2iis
CH;CHDF I o™ CHscH=c
Acetaldehyde COOCyH; ™72 COOC;H;
i Malonic ¥
ester
—HH _, cH.CH=C Gogm ety CH,CH=CHCOOH
;CH=
—2C;H;OR Ncoong <0z oo acia
(b) Cinnamic acid.
COOC,H; COOC,Hs
CettsCHO FHZJc o™ CettsC=C |
Benzaldehyde COOC,H; —2 COOC,H,
{COOH
HOR Pt Hut
m“ CﬁHSCH C\COOH 'C02 C&HSCH CHCOOH

Cinnamic acid

(6) Synthesis of Barbituric acid : Malonic ester condenses with urea to form barbituric acid.

N [H CHiOJoc NH———0

| pOCt, | f
C=0+ CHy ——5>C=0  CH,+2C,HsOH
| ~2CHOH | |
Urea nalonic ester Barbituric acid

{Maleny! urea)
(7) Synthesis of Cyclic Acids

CH,/Br Na 0OC,H; CH, COOC,H;
\c /C ] ™N g

| +

- 2N
CH,| Br Na}”” NCooCHs ~™  CHy” “\COOC;H;
Ethylene ) Disodio Cyclo propane
bromide malonic ester dicarboxylic ester

(8) Synthesis of Cyclic Compounds

aon  CHa_ /-‘COOH CHy\

Heat
—2C,HsOH l / \COOH -C0, Cer/ CH.COOH
Cyclopropanc mono
carboxylic acid

(a) Cyclopropane : From cyclopropane mono carboxylic acid obtained as above ?
Cyclopropane is obtained by heating the former with Soda line.

Ca0
2\CHCOOH = [ >CH2+C02

CH2 Heat .
C }'f.‘loprop: :icdcarboxylie Cyclopropane
(9) Synthesis of Ketonic Acids and Ketones
Na COOCsz CH3C0 C00C2H5
crgooct+ el >l —HOM
Acetvd H COOC;H; Ev H COOC,H; ~2C;Hs0H
cely! Sodio malonic ester
chloride
CH,CO\_ CO0H ., Soda lime, hea
S R cycocH; C00m v cHycocH,
H COOH Acctone

Acetoacetic acid

» 54. ACETOACEfIC ESTER OR ETHYL ACETOACETATE

[l Preparation
When ethylacetate is heated in presence of sodium ethoxide (C,HsONa) and then acidified,
ethyl acetoacetate is obtained (Claisen condensation).

0 .
(i) CH;ONa Il
(:Hq-—ccm—c—oo,ﬂ5 —~—>CH3—~C—CH2—~C—OC1H5 +C;H;0H
Ethyloacetale (2 molex) (i3} H' Ethy| acetoacetate or 2cetoacetic ester

Reactive Methylene Compounds
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Organic Chemisiry I [N] Physical Propertles : -
Ethyl acetoacetate is a colourless pleasant smellmg liquid, B.Pt. = 184.4°C. It is sparmgly
soluble ini water but freely soluble in organic solvents. )
i {{ll] Chemical Properties
In fact, ethyl acetoacetate is a tautomeric mixture of keto and enol forms as follows :

H bond
i i N i
CH3;—~C—CH;—C—0C,H; =CH;—C = CH—C-—0C;H;
Keto form (93%) Enol form (7%)
(a) (B)

Hence, ethy! acetoacetate gives the reactions of both ketonic and enolic forms.
{1) Properties due to ketonic form.

I I —Hg
{2) CH;—C—CH,~—C—OC,H; + 2H —————> CH;—CHOHCH,COOC;H;

Ethyl acetoacetate B-Hydroxy butyric ester
CN
[ HCN |
(b) CH3~—C——CH2COOC2H5 E— CHq—C(OH)—-CHgCOOCgH5
Ethyl acetoacetate Ethy] acetoacetate cyanohydrin *
N.NHC(H;
H,N.NHC¢H,

Il 2 Il
(¢} CH;—C—CH,CO0OC,Hy ———— CH;—C—CH,;COOC,H;
Ethyl aceto acetate (Pheny] hydrazine) Ethy) acetoacetate”

-0 phenyt hydrazone
(2) Properties due to enolic form,
0}-] . NH, !
NH;, |
(a) CHT—-C—CH———COOC2H5 ~—— CH3—C=CH—COQOC,H;
Ethyl acetoacetate -H0 - Amino crotonic ester
OH OCOCH;
CH,COC

) CH;—C—CH-—COOCZI-Is — 5 CHy— ¢~ CH—cooC,H;

Acetyl acetoacetic ester

OH OCH,

] |
(c) CH3—C—CH-—COOC2H1 _——) CHy—C==CH—COOC,;H;
- Hy Methyl ether of P—crotonic
ethyl ester

OH Cl
| PCI |
(d) CH,—C==CH—COOC,H; W‘Z]—) CH;—C=CH-—COOC;H;

3 B-Chloro crotonic
-HCl ethyl ester

OH
l N
(€) CHy—C—=CH-—COOC,H; —=5 Violet red colour

| OH
The violet colour is due to —C==C— group.
- (3) Reaction due to double bond in enolic form.
\ ' OH Br
CH+—C =CH—COOC,H; + Bl’z—-)CHj—C‘—CH—“—COOCsz

Br
o, B-Dibromo acetoacetic ester

{4) Hydrolysis : When ethyl acetoacetate is hydrolysed different products are obtained in
presence of different hydrolytic agents under different conditions.

(¢) Ketonic hydrolysis : When acetoacetic ester is boiled with dil. H,SO, or baryta or dil.
aqueous KOH, it is hydrolysed into a ketone, CO; and alcohol.
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CH;CO—CHA-CO0O—}C,H; DIl H.60 e
‘ — :COH CH,.CO.CH; + CO, + C,H;OH

Acetone
Since the main product is a kerone. this type of hydrolysis is, therefore, called ketonic
hydrolysis.
(i) Acid hydrolysis . When acetoacetic ester is boiled with concentrated alcoholic KOH or
NaOH, it is hydrolysed into an acid and ethanol.
H|OH

KOH {al )
CH,CO| CH,—C00 |CH, ——) , 5CH,COOH + C,H.0H

OH| H

Since the main product is an acid, this type of hydrolysis is called, therefore, acid hydrolysis.
[IV] Synthetic Importance of Acetoacetic Ester :

A variety of compounds can be synthesised from acetoacetic ester.

(1) Synthesis of Alkyl Derivatives of Acetoacetic Ester

Monoalkyl esters are formed by the treatment of aceto acetic ester with C,;Hs—0—Na and
then with alky! halide. Dialkyl esters are prepared by treating the above with C,HsONa and alkyl
halide,

CH3.CO?HCOOC2H5

C,H;
Ethyl acetoaceric ester
Csz[.
—Nal
H.ON:
CH,.COCH,COOC,Hy %;W CH{CO CHCOOCHs
- s
Na
Sodio acetoacetic ester
R CR,l '

N CH3.CO(|]JHCOOC2H5
CH,
Methy! acetoacstic ester
Na CH':;
.. C;H{ONa | CHyl |
5 : -Na

CH, CH, CH,
Sodio methyl acetoacetic
ester

Dimethyl acetoacetic ester

{2) Synthesis of Monobasic Acids
(i) Acetic acid

CH, COJ—CHe CO&l—CzHS _Add__, 5>CH,COOH + C,H;OH
hydralysis

Acetic acid  Ethyl alcohol

{(ii) Propionic acid. "
-OH! H H|OH

CH;—CO4-CH--C00 — C,Hs —Aﬂﬁ—)
| hydrolysis

CH;
Methy! acetoacetic ester

CH,COOH + CH,.CH,COOH + C,H;0H
Propionic acid

Reactive Methylene Compounds
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Organic Chemistry I _ (iii) n-Butyric acid and valeric acid.

CH, CO.CH, COOC;Hs —Ci«fo—e CH;.CO.CHCOOC,H;
Aceto acetic ester -GH,0 |
. Na
Sodio acetoacetic ester
)

CyHs) OH\ H H/ bH Acid
CH3C0(|3H COOCHs —2"— CH;CO! (l)HCOO C2H5 T CH;COOH

Na / N
CoHs + C,HsCH,COOH + C,H;OH
n-Butyric acid
(Butanoic acid)
OH “H H /OH "

I C,H5CH;Br
CH3C0(|:HCO0C2H5 _——H:Br_—-’ CH3CO(fH COO'C2H5 CH3COOH

—_—
hydrolysis
. Na ! CH2C2H5 “‘
' C2H50H2.CH2000H + C2H50H
Valeric acid
{iv) Dimethyl acetic acid or iso-butyric acid.

“ CH3 ’I
OH\H| ~ H/OH
CH3-coi.~—(1:—cooI_CZH5
l" CH3 “\
Dimethy] acetoacetic ester
CH
>
CH;
Dimethy] acetic acid
(Iso-butyric acid)

CH—COQOH + CH3;COOH + C;HsOH

(v) Active valeric acid or methyl ethyl acetic acid.

CHONa CHjl
2y
Na
Na
C-H5ON I C,Hsl
CH}CO?H_COOC?'HQ T_> CH,. CO—?—-—-COOCZHS ——)
CH; ’ CH;
Methy! aceto acefic ester
CHs
OH“\H[ ~ H/OH
it
CO (]: CO0C2H5 T}wy—drysm’
f’ CH3 l‘\
CoHs
_>CH—COOH + CH3COOH + C;HsOH
CH;

Active valeric acid
or methyl ethy] acetic acid or
a-methyl butyric acid

3. Synthesis of Dibasic Acids
(i) Succinic acid.,
C,H,ONa
(a) CHqCOCH2COOC2H5 -—'m;[—) CH3C0(I:HCOOC2H5
5 Na
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CH COHE00CAH; OH|H H | oH Reacrive Meihylene Compounds
Na CH,.CO rCH—COO 1 CH, '

L+ 2Nl !
Na ™ CH;CO-CH—CO00 -C;H;
|

CH,C0.CH.COOC, H; OH|H H | OH

acid  CH,COOH
—_—
hydrolysis CHzCOOH

Suceinic acid

+ 2CH;COOH + 2C,H,0H

(i) Dimethyl succinic acid.

CH
(i) C;H;0Na [
CH;COCH,COOC;Hs <o CHyCO—CH—COOC;H;
Hs OHH
CH;—CO~-C—COOC,Hs  CHs HLOH
NaOC2H5 Na CH3 CO—EL'C‘_COO C2H5
-C,H;OH L+ Na N )
CH;—CO—C—COOC,;H, CH3COTC_C00T02H5
: | i CH; HIOH
CH; OHH
‘acid  CH;—CH—COOH
e | +2CH;COOH+2C,H;OH
ydolysis  CHy,—CH—COOH
Dimethyl succinic acid
(i6i) Glutaric acid.
CszONa
CH4CO.CH, COOC;Hs =20 CH,CO—CH—COOCH;
2
Na
I
/ OHH H|OH
CH;—CO—CH—COOC,H
H,C 3 |_ 2 CH;,CO——CH~—COO—LC2H5
ety Na — (iiH
Methylen
iodids L + qua 2
CH;CO—CH—COOC;H; CH3C°"CH”C°°TCZH5
OHIH HIOH
. CH,—COOH
Acid 2
e HiC < + 2CH,COOH + 2C,H,O0H
CH,—COOH
Glutaric acid

(iv) Adipic acid The reaction of sodium acetoacetate {2 molecules with ethylene dibromide)
(BrCH,.CH,Br) followed by acid hydrolysis gives adipic acid (normai dicarboxylic acid).

C,H,ON
2CH;CO.CH,.COOC, H =2 2CH,CO—CH—COOC,H;

Ethyl acetoacetate |
Na

Sodium salt of ethy] acetoacetate
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g -1 N2
BrCH,.CH
| 2CH,COCH.COOC;H; ey
{~ 2NaBr)
CH,COOH cn;colcucoox_c
i
CHZ 2 Co NaOH g CHE
1 nc. Nal
2C,H;0H + 2CH,COOH + | o -
CH, (iiy H;OH
r ' CH2
CH,COOH
Adipic acad CH':,C HCO 2H5 .

(4) Synthesis of y-Keto Acids (or Laevulinic acid) : By subjecting acetosuccinic ester as
in (3) to ketonic hydrolysis.

H OCH )
Ketonic
CH,C H———COOLC;Hs -—— CH,CO—CH,CH,COOCH + 2C,HsOH + CO,

| " hydrotysis Ketovaleric acid
CHzCOO—TCsz gl-agvu]inil:cacid)
H [OH
Acetosuccinic ester
(8) Synthesis of Ketones
(i) Acetone.
_Ketonic, CH,COCH; + €O, + C;HsOH
e 3+ L0, + (H,
CH3CO——CH2 00 ydralysiy Acetone

(it} Methyl ethyl ketone (Butanone-2)

(l] CqHsONa
i} CH,l
: OH

K:t(mic.- 3 CH"COCHECH3 + C2H50H + COZ
hydrolysis Methyl cthyl ketone
{Butanone-2)

(6) Synthesis of Diketones (or Acetylacetone).
CICOCH,

C,H,ON:
CH;COCH,COOC,H; '—’-—i) CH,COCH—COOC,H; ~~———
-C,H,0H ) -NaCl
Na
Monaosodium ethyl

acetoacetate

OH

C2H5 Ketonic
o C2HSOH + CO; + CH{COCH,COCH

hydrolysis
Yok Acetyl acetone

CHgCO-a—(IJH—HFOO

COCH,

(7) Synthesis of Unsaturated Acids : If the product obtained by the condensation of ethyl
acetoacetate or its derivatives with an aldehyde is Subjectcd to acid hydrolysis, unsaturated acids
are formed.

| i
CH;C‘—C“"COCZ}{S HOH _
)
Hs),NH Il I HOH .
@ L, e 3cj—(|:|—co C,Hs
CH;—C—H
CH;—C—H
OH .
9 Come MaOH ,  CH,COOH + C;HsOH + CH;CH—CHCOOH
@ oM Crotonic acid



(8) Synthesis of Hydrocarbons :

The ester and its alkyl derivatives form’ paraffins on
electralytic reduction. .

"

CH3COCH2COOC2H5 + 10H—> CH,CH,CH,CHj + 2H,0 + C,H;OH

. n—Butane
CH;CO(]ZH—CQOCZHS +10H —)CH;CHZ—(r?H——CH3 +2H,0 + C,H;OH
CH, ' CH,

Methyl aceto acetic ester

2-Methylbutane
(9) Synthesis of Heterocyclic Compounds

(i) 'Ethyl dcetoacetate (in its enol form) reacts with urea in presence of phosphory! chloride

, to form 4-methy! uracil. -

H i Hop
cl FESAO C\CH 0%, o= ch\CH
E —_———e— e { =
NN ?/ —H,0,~C;H50H NN—C?
H

H |
Ethylacetoacstate 4-Methyluracil
(Enol form)

(ii) With hydroxylamine ethyl acetoacetate gives methyl iso-oxazolone.

CH3—<I:N——0H CH;—C=N—0[H
- OH
CH,COOC,Hq — ‘ L
CHC~[OCsH
CH3—C=N~___
'| Pac
CHy—C
O

Methyliso-oxazolone

(iify With phenyl hydrazine, ethyl acetoacetate gives pyrazole derivative which gives

antipyrine with CH,L
Hy—C—CH;—C=0  -mo _ —ﬁ—*fli 2
- CHs0H N C=0
BT
CeHls (!.‘,51'15
Pheay! hydrazine ) Pyrazole derivative

cHyt  CH3—C=CH
—_—

I
A oyy—N CO

\/

l

CeHs
Antipyrine
[V] Structure of Ethyl Acetoacetate '

Geuther (1863), Frankland and Duppa (1865) prepared acetoacetic ester independent of each
other and proposed the following two structures for it :

([)I-I
: I
CH;—C=CHCOOC,H;  CH;—C—CH,—COOC;H;

Geuther formulz, Enol form Frankland-Duppa formula,
{B-Hydroxy crotonic ester) Keto form

(B~Keto butyric ester}

It started a controversy and the evidences in support of both the structures were forwarded as
miven below :

" Reactive Meihylene Compounds

(1) The molecular formuia of cthyl acetoacetate is CgH,03.

Self-Instruction Material 135



Organic Chemistry If

186 Self-Instruction Material

{2) Evidences in support of Geuther formula

(a) Ethy| acetoacetate reacts with metatlic sodium to form sodio-derivative w1th the evolution
of H,.

(b) Ethy! acetoacetate forms acetyl derivative with CH,COCI showing the presence of an
alcoholic group.

(c) Ethyl acetoacetate is neutral to litmus but dissolves in alkalies showing the presence of
an acidic —OH group, as in phenols.

(d) Ethyl acetoacetate produces reddish-violet colour with FeCl;. This is characteristic of

oH
compounds containing —C = CH, i.e., enolic group.

(e) Ethyl acetoacetate gives an addltlon product with bromine showing the presence of an
olefinic double bond.

(f) When treated with ammonia, ethyl acetoacetate forms B-amino crotonic ester. This shows
the presence of —QH group on the B-carbon in the ester. Thus, it may be regarded as B-hydroxy
crotonic ester as suggested by Geuther,

(3) Evidences in support of Frankland-Duppa formula

(a) Ethyl acetoacetate forms cyanohydrin with HCN and bisulphite compound with
NzHSO;,

(b) Ethyl acetoacetate forms an oxime with hydroxylamine and & phenyl hydrazone with
pheny! hydrazine.

(¢) On reduction with sodium amalgam or with lithium aluminium hydride in pyridine, ethyl
acetoacetate gives B-hydroxy butyric ester containing a secondary alcoholic group.

(d) When ethyl acetoacetate is hydrolysed with dil. NaOH solution in cold, acidified and
extracted with ether, it farms crystalline acetoacetic acid (Krueger, 1952). This on heating yields
acetone showing thereby that acetoacetic acid is a P-keto acid and ethyl acetoacetate is a f-keto
ester,

h' i Il
CH;C—CH,—C-—0OH 2 CHZ;C—CH; + CO,
Accloacetic acid Acelone '
(4) Modern view : It has been assumed that ordinary ester exists as a tautomeric mixture of

both enolic and ketonic forms, which is an example of keto-enol tautomerism.

O !OH
CH;-—C—-CH; COOC,Hs == CH;—C=CH—COOC;H; °
Keto form (93%) Enol form (7%) -

(%) Confirmation : The existence of both forms in ordinary ester has been confirmed by
Knorr. He separated both the varieties from the ordinary ester. ! .

Keto form (MP = -39°C) was obtained by cooting the ester in light petral at —78°C. Enol farm
was obtained by treating sodio derivative of ester with HCI at —78"C in light petrol The existence
of these two forms has been supported by molecular refraction and other physical properties. -

¢ 5.5 CLAISEN CONDENSATION

Claisen {1887) observed that when.esters having hydrogens at o-carbon atoms are treated
with sodium atkoxides, they fonﬁ B-keto esters. The condensation between two molecules of esters
kaving o-hydrogen atoms, in the presence of a fase resulling in the formation of a compound
having reactive methylene group is known as Claisen condensation. The following mechanism {s
suggested for Claisen condensarion. _

(1) Reaction of sodium with ethy! alcohol gives ethoxide ion which acts as a base.

_— 2C;Hs0OH + 2Na—— 2C,H;ONa + H;

C3H50Na = CijO-— +Nza*
Edhoxide ian

(2) The ethoxide ion so formed, abstracts a proton frem the o-carbon of the ester like ethyl

acetate to form a carbanion.

0
L™ a 1) . Il
C;H0 + H~+CH,—C—O0C;Hs — CszoH + CH;—C—O0C,H;
Ethoxide 'Etbyl acctate Carbanion

ion



(3) This carbanion induces the electromeric shift in the carbonyl group of other ester molecule.

o 0 o 0 ‘
Chry | [ '
H:r—(!: + CHz__C_OC2H5 - CH3—'?‘_CH2_C—‘OC2H5
0C2H5 Carbanion 0C2H5
Ethyl acetate Anion
(4) As the attacking reagent, i.e., carbanion is removed by addition, the electron pair which
had shifted to oxygen because of electromeric effect, reverts back to form a double bond and the
ethoxide ion is given out with its pair of electrons.
0 0
‘) | fl [ =
CH}“_(IZ—CHZ—C_'OCQHS i CH3_C_'CH2—‘C__0C2H5+C2H50
OC,Hs Ethyl acetoacetate

On acidification with CH,COOH, ethy! acetoacetate is converted 1o tautomeric mixwre of
two forms of ethyl acetoacetate.

o Mg
CH3—C——CH—C—OC2H5 = CH3-—C: CH—C—OCij
Keto form Enal form

Claisen condensation can be carried out between different esters also when a mixture of
different preducts is formed. The reaction may also be extended to condensations between esters
and carbony| compounds [ike ketones etc. Therefore,

O
” Il NaOC,H,
CH,—C—O0C;H;s + HCH,—C—C5H;
Ethyl acetate Methyl ethy! ketone -C,H,0H
T
CH;—C—CH,—C—C,H;
2, &Hexadione

» 5.6. KETO-ENOL TAUTOMERISM

When two structural isomers are mutually interconvertible and exist in dynamic equitibrium
they are known as fautemers and the phenomenon is called tautomerism. For example, acetone
shows tautomerism and may be represented as an equilibrium mixeute of twe isomers.

)

o) o
T ¥ e— = —Cmce
Keto form I

Enol form

" Tn the above ca;e, the keto form changes to the enol form due to migration of a protoa to
carbony] oxygen. Then a pair of electron shifts from the C—H bond to C—C bond.
Aldehydes, ketones and other carhbonyl compounds, e.g., esters show keto-enol tautomerism,
It involves the migration of a proton (H'} from o-carbon to carbonyl oxygen by the following
mechanism, . . ’
S
.0 H OH
oy . |
CH;—C—CH, = CH3_C‘=CH2
Keto form . Enol form

+

The tautomer containing the carbonyl group (C = O) is designated as the keto form. The other
tautomer containing a hydroxy-group dttached tg a doubly bonded carbon is designated as the enol
form (alk ENe + alcohOL). This. type of tautomerism is known as keto-enol tautomerism.

[l] Keto-Eno! Tautomerism of Ethyl Acetoacetate
Ethyl acetoacetate is a classical example of keto-enol tautomerism.

Reaciive Methylene Compounds
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OH

o 9 | i
CH-;—C—CHz—*—C—'—OCQHS = CH;—C= CH—C—0C,Hs
Keto form Enol form

Geuther (1863) gave the keto structure, while Frankland and Duppa {1865} gave the enoi
structure to ethyl acetoacetate. g ’

(a) Reactions suppomng the keto form

(1) Ethyl acetoacetate forms a bisulphite compound with sodium hydrogen sulphite.

(2) Ethyl acetoacetate forms an oxime with hydroxyl amine and phenylhydrazone with
phenylhydrazine.

(3) Ethyl acetoacetate forms a cyanohydrin with HCN.

{4) On reduction with sodium amalgam or by using LiAlH, in pyridine, ethyl acetoacetate '
gives B-hydroxybutyric ester containing a secondary alcoholic group.

OH
CH'_:,——E——CHzCOOCsz + 2(H] '——A]H'“—) CH3—-—(I:H——CH2 COOC,H;
Pyridine  B_Hydroxybutyric ester
(5) On hydrolysis with dil. NaOH in cold, acidified and extracted with ether, ethyl acetoacetate
forms a crystalline acetoacetic acid (Kruger 1952). This compound on heating gives acetone. This
shows that aceto acetic acid is a B-keto acid and ethyl acetoacetate a f-keto ester.

O
I Il A Il
CH3~—C—CH2—C~—OH — CH;—C-—CHg +CO,
Acetoacetic acid Acetone
{Mpt.=36C)

(b} Reactions supporting the enol form

(1) Ethyl acetoacetate reacts with sodium mital to form the sodio derivative and hydrogen
gas is evolved. This shows the presence of GH group.

(2) Ethyl acetoacetate forms an acetyl derivative with acetyl chloride which indicates the
presence of OH group.

(3) On treating ethyl acetoacetate with alcoholic bromine sollition, the brown colour of the
latter is discharged. This shows the presence of an alkene double bond (C=C). '

{(4) With FeCl,, ethyl acetoacetate forms a reddish violet colour. This reaction is characteristic
of enotic OH group. This points to the presence of C—=C—OH structural unit in ethy) acetoacetate
as in phenols.

g H
"""" ] =
fou e T :
bl HC< i O
+C=$+ ‘f—"? i
Enolic OH HIH |
’ Phenol

*+  SUMMARY

* A methylene group (—CH,—) which is directly bonded to two electron withdrawing groups
such as —CQOCH,;, —COO0C;,H; is known as a reactive methylene group.

+  Ethy! acetoacetate contains a methylene group joined to two carbony! groups. The C—H bond
in —CH, group is readily ionisable because the ptoton removal forms a very stable carbanion.

s The acidity of the C—H bond of methylene group is due to inductive effect and resonance
stabilisation of carbanion.

*  The corndensation between two molecules of esters having ¢-hydrogen atoms, in presence of
a base, results in the formation of a compound having a reactive methylene group. This is
known as Claisen condensation.

*  Two structural isomers which ‘are mutually interconvertible and exist in dynamic equilibrium
are known as tantomers. This phenomenon is known as tantomerism.

+  The tautomer containing the carbony) group (>C=0) is designated as the keto form.

¢ The tautomer containing a hydroxyl group attached to a doubly bonded carbon is designated
as the enol form. The tautomerism of keto and enol forms is known as keto-enol tautomerism.




* STUDENT ACTIVITY
1. Define a reactive methylene group with examples.
2. Discuss the acidity of a-hydrogens in diethyl malonate.
3. Write a shoft note on Claisen condensation with its mechanism.
4, How will you obtain succinic acid from ethyl acetoacetate ?
TEST YOURSELF
1. What is a reactive methylene group ? Discuss the characteristics and synthetic importance of
compounds containing such a group.
2. Explain the acidity of a-hydrogens in a reactive methylene compound.
3. Describe the alkylation of diethyl malonate and ethyl aceteacetate.
4.  Describe the preparation and synthetic uses of diethyl malonate.
8. Describe the preparation and synthetic uses of ethyl acetoacetate.
6, Starting from diethyl malonate, how will obtain the following compounds ?

(1) Acetic acid (ii) Propionic acid (iii) n-Butyric acid
{(iv) Succinic acid (v) Glutaric acid : (vi) Adipic acid
(vii) Glycine (viii) Crotonic acid (ix) Cinnamic acid

Reactive Methylene Compounds
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(x) Barbituric acid (xi) Cyclopropane {(xii) Acetone.

7. Starting from acetoacetic ester, how will you obtain the following compounds ?
(i) Laevulinic acid (i1} Acetone (iii} Propionic acid
(iv) Acetic acid - (v) Butanoic acid (vi) Succinic acid
(vii) Glutaric acid (viii) Adipic acid {1x) Crotonic acid

{x) An oxazolone derivative  (xi) Antipyrine
8. Discuss the structure of ethy] acefoacetate.
9. Write a note on Claisen condensation including its mechanism.
10. What is keto-enol tautomerism ? Discuss this tautomerism in ethy] acetoacetate.
11. How will you convert acetoacetic ester into malonic ester and vice versa ?
12. Which of the following is not a reactive methylene group compound ?
(a) Ethyl acetoacetate  (b) Acetone (¢) Diethyl malonate {d) Cyanoacetic ester
13. Maionic ester on hydrolysis and heating gives :

(a) Acetic acid (b) Malonic acid (¢} Succinic acid (d) Propanoic acid

14. Sodio derivative of acetoacetic ester on heating with iodine gives a compound which on
hydrolysis gives :
(a) Adipic acid (b) Malonic acid (c)Glutaric acid  (d) Succinic acid

15. Sodio derivative of acetoacetic ester reacts with ethylene dibromide to give a product which
on hydrolysis gives : .
(a) Succinic acid (b) Crotonic acid  (c)Adipic acid (d) Cinnamic acid
16. Fill in the blanks :
(i) In reactive methylene group compounds, the methylene group is situated between two
electron ............ groups.
(ii) Acetoacetic ester shows the properties of ............ groupas wellasof ............ group.
(iii) The condensztion of two molecules of esters having o-hydrogen atoms in the presence
of a base to form a reactive methylene group compound is known as ............ condensation,
(ivy Malonic ester reacts with urea in presence of POCl; 1o give.............
(v) Ethyl malonic ester on hydrolysis and heating gives ............

ANSWERS
il
(i) Acetoacetic ester into malonic ester
. Cl
OH H 1OH Acid Cl Ve
————» CH;CO0H ——> H,C
CH; CO 1CHy COO! 1 CoHs ‘I;I(y:d;lohg}l; Acetic acid -HC! \COOH
Acetoacetic ester Chloroacetic acid
CN COOH ¢ z.08 COOC,H;
'ﬁg H2C< Y C< 221: o H2C<
COOH [ COOH M2 COOC,Hs
Cyaneacetic acid Malonic acid Malomic ester
(ii) Malonic ester into acetoacetic ester
H!OH
CO0! Csz COOH
Hcd sl 0l —&» CH,COOH
CQO 'C2H5 250 COCH 0: Acetic acid
H!OB Malonic acid :
Malfonic ester
C,HsOH C;HsONa
SO0, oy o[ H]cr; 00 Gty S
Ethy] scctate Ethyl acefate (Claisen
condensation)
CH; CO CH, COO C,Hs
Accto scetic ester

12. (b), 13.(a), 14.(d), 15.(c),
16. (i) withdrawing (ii) ketonic, enolic (iii} Claisen (iv} barbituric acid, (v) n-butyric acid.

QaQ
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SULPHA DRUGS

LEARNING OBJECTIVES .

*  Sulpha Drugs and Their Mechanism
¢+  Sulphacetamide :
*  Sulphaguanidine
*  Sulphapyridine
*  Sulphadiazine
*  Sulphathiazole
. Su!phametha_zine
* Summary
+ Student Activity
* Test Yourself

* 6.1, SULPHA DRUGS AND THE!R MECHANISM

% drug may be defined as a substance used in the diagnosis, prevention and cure of disease
in huran being or other animals. It may be a single chemical substance or a combination of two
or more different chemical substances. The structural unit in all sulphadrugs is sufphanilamido

group, i.e.,

7
Hzn—@— ﬁ—r;m—
0

Thus, a group of drugs which are the derivatives of sulphanilamide are called as sulpha drugs

Sulphanilymide
(p-amino Yenzene sulphonamide)

Sulpha drugs have great antibacterial power and are much effective against diseases such as
dysentry, pneumonia, diptheria, tuberculosis etc. Whén these drugs are given to the patients, the
bacteria absorb them and their growth is checked. Now a days more effective antibiotics are used
for most of the bacterial diseases in place of sulpha drugs.

Some of the important sulpha drugs are :

ie,,

NH, NH, NH,
i " ¢ N i
Sulphaceamide Sulphaguanidine Sulphapyridine

Hz NH, NH,
5
o N—CHY S—CH . N-—E

) Il N

SO,NH—C _ AN
NN =cu” $O; NH—C\N SH o SONHC .

- Sulphadiszine Sulphathiazote (]:H
Sulphamethnzine 3

Sufpha Drugs
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Mechanism of Action of Sulpha Drugs ,

The drugs which reduce the growth of micro-organisms are called antimetabolites. Sulpha
drugs act as antimetabolites and reduce the growth of bacteria. Para amino benzoic acid (PABA) is
an essenttal nutrient for the bacteria which are sensitive to sulphadrugs. Certain enzymes present
in these bacteria require PABA for the synthesis of folic acid (a member of vitamin B complex).
The sulphanilamide derivatives check the activity of enzymes involved in the synthesis of folic
acid. The structure of sulphanilamide is similar to that of p-amino benzoic acid.

NH, NH,
SO,NH, COOH
Sulphanilamide p-Aminobenzoic acid

(PABA)

. When sulphanilamide is given to a patient suffering from bacterial infection, bacteria take up
sulphanifamide instead of PABA. This occurs because bacterial enzymes are not able to distinguish
between sulphanilamide and PABA. Sulphanilamide does not work as PABA and thus, reduces the
activity of enzymes present in these bacteria. Thus, the synthesis of folic acid is checked. In this
way, sulpha drugs check the growth and reproduction of bacteria, /

* 6.2. SULPHACETAMIDE (N'-ACETYL SULPHANILAMIDE OR
ACETAMIDE)

Synthesis : Sulphacetamide is prepared by the careful and controlled hydrolysis of the
diacetyl derivative of sulphanilamide.

NHz NHCOCH3 NHZ
(CH3C0)20 Controlled s
— " hydrolysis
—H,0 ~CH,CO0H
SO,NH, $SO,NHCOCH, SO,NHCOCH,
Sutphanilamide Diacetyl derivative Sulphacetamide
of sulphanilamide

Sulphacetamide is highly water soluble drug and is used for urinary tract infections but due
ta its toxic nature, it is replaced by other highly soluble sulpha drug sulphisoxazole.

¢ 6.3. SULPHAGUANIDINE

Synthesis : Sulphaguanidine is prepared :
(i) By the condensation of N-acetyl sufphanilyl chloride (ASC) with guanidine. The resulting
product is hydrolysed by an alkali when sulphaguantdine is obtained.

NHCOCH, NHCOCH,
NaOH
NH -HCl NH —CH;3COONa
_________ Il Il
SO, Cl___ HINH--C-—NH, SO,NH—C-—NH,
N-Acetyl sulphanilyl Guanidine Acety] sulpha
chioride (ASC} guanidine
NH,
IﬁlH
50,NH—C—NH,
Sulphaguanidine

(i1) By the condensation of p-nitro benzene sulphonyl chioride with guanidine followed by

the reduction of nitro group.
Sulphaguanidine is a white crystalline solid M.Pt. 196°C. It is less soluble in cold water but

is more soluble in hot water. It is absorbed by intestine and is used as medicine in dysentry.



NO, NO, o
6H
————————

NH HCI ' duction
- . . NH _TIe
_________ u : H ——2H10
SO;iCl__HINH—C-NH, - SO,NH—C—NH,

pnitro benzene Guanidine -
sulphonyl chloride e A;lcgiisd;!iha

NH, -

I
SO,NH—C—NH,
Suiphaguanidine
* 6.4. SULPHAPYRIDINE (N'-2 PYRIDYL SULPHANILAMIDE)

Synthesis : Sulphapyridine is prepared :

(i} By the condensation of N-Acetyl sulphaniiyl chlorlde (ASC) with 2-amino pyridine in the
presence of pyridine. The resu[tmg product is hydrolysed by an alkali when su]phapyndme is
obtained.

NHCOCH; NHCOCH,
ol e )
—HO
--------- 2 ®
SO,CL _HINH—g SO,NH g
N-Acety] sulphanily! 2-Amino- '
chloride {ASC) pyridine NH,
NaOH
—_——
~CHZCOONa
SOZNH@
: Sulphapyridine
{ii) From p-{:hlomnitmbenzene
NO, NO,
NIOH dl] CH3C0'0H
so, i HN-L§
p-Ch]om PN"T“ ‘h"thl pNitobenzeno  2-Aminopyridine
nitrobenzene sulphonyl chloride
NH,
6H
—HCI Reducn'on
T L@
SOZNH SO,NH N
Sulphapyridine

Sulphapyridine is used to cure pﬁeumonia.

« 6.5. SULPHADIAZINE OR SULPHA-PYRIMIDINE (N-2-PYRIMIDYL
SULPHANILAMIDE)

Synthesis: Sulphadiazine is prepared by the condensation of N-Acetyl sulphanilyl chloride
(ASC) with 2-Amino pyrimidine in the presence of pyriding. The resulting product is hydrolysed
by an alkalt when sulphadiazine is obtained.

Sulphadiazine is white powder, M.Pt. 252-256"C. It is soluble in hot water, mineral acids and
NaOQH but it is insoluble in chloroform and ether. It is used to cure pneumonia, throat infections

etc.

Sulpha Drugs
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NHCOCH3 NHCOCH3
pyridine
N~CHe®

S / \ / N—CH\\

SOzlgj_t_H_!}m —C CH 802 —NH—C CH
\N=CH” \N=CH/

N-Acetyl N NeAcetyl

sul?hn?ﬁgglonde 2-Aminopyrimidine Sulphapyrimidine

—CH3COONz|NaOH
NH,

/N—CH\\\

SO,NH—C CH
N\N=CH”

Sulphadiazine

* 6.6. SULPHATHIAZOLE OR CIBAZOLE (N-2-THIAZOLYL
SULPHANILAMIDE)

Synthesis :  Sulphathiazole is prepared by the condensation of N-Acety[ sulphaniiyi chioride
{ASC) with 2-Amino thiazole in the presence of pyridine. The product is hydrolysed by an atkali
when sulphathiazole is obtained.

NHCOCH, NHCOCH,
pyridine
§—CH—ic ’ S— CH ‘
L
SOQLCJ.__HJW_"C\ CH SO,—NH—C CH
N/ NN
N-Acetyl sulpbaniyl 2-Amino N-Acetyl
chloride (ASC) thiazole sulphathiazole
—CH3COONalNa0H
NH,
- IS — (i:I:H
SO,—NH—C CH
Sn”
Sulphathiazoie

Sutphathiazole is about fifty times more effective than sulphanitamide and is relatively less
toxic. It is used in severe infecticns. ; ‘

+ 6.5. SULPHAMETHAZINE OR SULPHAMEZATHINE OR N'-2 (4,
6-DIMETHYL PYRIMIDYL SULPHANILAMIDE])

Synthesis : Sulphamethazine is prepared by the condensation of N-Acetyl sulphanityl
chioride (ASC) with 2-Amine 4, 6-dimethy] pyrimidine in the presence of pyridine. The resulting
product is hydrolysed by an aikali when 'sulphamethazine is obtained.




NHCOCH; '

NHCOCH,
CH, _pyridine CH,
| ~HCt |
N—C P N
S0,Cl HINH—C CH SO,—NH—C CH
Pemoosd Ngc/ \N=C
N-Acetyl sulphanilyl | ’ |
chloride {ASC) CH; CH,
. 2-Amino 4, 6-imethy] N-Agetyl sulphameibazine
-CH,coomlmon
NH;
CH,
SO NH-~-C N_‘ﬂ%CH
|
CH,
Sulphrmethazine

2-Amino-4, 6 dimethylpyrimidine required above may be prepared by the condensation of

acety| acetone with guanidine.

CH; _ ?H:i
NH_HOHC N—C

i A e N
HoN—C + CH ——— H,N—C CH

2 \N______O__’FC/ -2H,0 2 \N—?/

Guanidine CH; CH,
Acetyl acetone 2-Amino-4, 6-dimethyl

(enolic form) pynmldme

Sulphamethazine is used for general purposes.

SUMMARY

A drug is 2 substance which is used in the diagnosis, prevention and cure of disease in human
beings or other animals.
The structural unit m ail sulpha drigs i lS squhamlam ido group, i.e.,

' HZNH . _& NH_

A group of drug!s which are derwatwes of sulphanilamide are known as sulpha drugs.
Sulpha drugs hz"we great antibacterial power and are much effective against diseases like
dysentry, pneumnonia, diptheria, tuberculosis efc.

Sulphacetamide is used for urinary tract infections, but due to its toxic nature, it is replaced by

other highly soluble sulpha drug, sulphisoxazole.
Sulphaguanidine is used as a medicine in dysentry.
Sulphadiazine is used to cure pneumonia and throat infections etc.

STUDENT ACTIVITY
What are sulpha drugs ?

What is the use of sulphaguanidine ?

Sulpha Drugs
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TEST YOURSELF ' f

1. What are sulpha drugs ? Give the mechanism of their action.
2. Describe the synthesis and uses of the following sulpha drugs :
(i) Sulphacetamide  (ii) Sulphaguanidine (iii) Sulphapyridine
(iv) Sulphadiazine  (v) Sulphathiazole  (vi) Sulphamethazine
3. Antipyretics are medicinal compounds which :
(i) Relieve pain . (ii) Lower body tempertaure
(iii) Control malaria (iv)} Can kill other micro-organisms.
4. Sulpha drugs are the derivativesof : ~ -
(i) Quinine . (ii) Pencillin (iii) Sulphanifamide
(iv) Sulphapyridine
5. Fill in the blanks :
(i) The drugs used for reducing pain are called .......... .

(ii) Sulpha drugs are ............. toxic than antibiotics.

(iii) The sulpha drug used in pneumonia is ........... .

4v) e, is used for curing dysentry.

ANSWERS
3.(b), -4.(c), 5.(i)analgesics (ii)less (iii} sulphapyridine (iv) sulphaguanidine.
0aa
X

.-
r
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